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(57)Abstract; 

PROBLEM TO BE SOLVED: To improve cycle life, by using, as a negative electrode material, a 
compound including silicon atoms which Li can be inserted into or discharged from, and, as a 
positive electrode active material, a Li-containing transition metal composite oxide including a 
fixed metal, having an a~NaFe02 type layered structure, and having specified contents of 
alkaline earth metal elements and sulfur. 

SOLUTION: For a negative electrode material, simple silicon, a silicon alloy, or a silicide is used 
as a compound which Li can be inserted into or discharged from. For a positive electrode active 
material, a Li-containing transition metal composite oxide including metal of one kind or more 
selected from Co, Ni, Mn, and Fe, and having a layered structure of LiMn04 oxide of a spinel 
structure of an cHMaFe02 type or an A[B2]04 type, and impurities getting mixed in the positive 
electrode active material are specified to have an alkaline earth metal element content of 0.1 
wt.% or less, a sulfur content of 0.1 wt.% or less, and a percentage water content of about 0.5 or 
less. 
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!?im&W. #^¥5 -2 90 8 4 4 ^-^«Kc|E«c<0^at 

A«Hf&<OiS£^ ^^836 3 -2 4 5 5 5 ^-, 
Jp16 3 -1 3 2 8 2 fs]6 3 -5 8 7 6 3 

6-2i26i7 ^m^mm^^m^mmun, & 
ffl^s -1 8 2 6 6 4 ^'&mz-tzm<r>mm%>\tmm$:2 
400 "czmtLZ m&-cmmi&f££ Mz.m$xh*> . ^ 

^^5 -3 0 7 9 5 7 ^, p]5 -3 0 7 9 5 8 
fsl7 -8 5 8 6 2 f , p]8 -3 1 5 8 2 0 ^^(C 

-8 4 5 1 6 ^m^mm^mm^^-r 

(oa&mklsXtL 9SK-*cHib\ ±#lifc v SF 

(7)^^t|i^\ t/l^P -7, 

M^AII^W7 7r'{hi, T-fe^-UV^ 
7*^^, 77-^7*7 5'^, ^^fiV^y^, ^ 

yyT 1 ^-^, f-T^^^ 

$P<DJJ— X^rfy y^m. 7^77^htyfx =J— 

fStt^. ^y7a-Xe^f, ^y 7i?V^<D 
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[ 00 2 1 ] t<C, 4#^^5 -1 8 2 6 6 4 ^teUlZ. 

xt"^. v^j — /u^, r^y. n -h y /ujstiigoffi 

1 9 0 0 ii%^t^ 0 k<tZ* 2 0-5 0 0 It 
%Ai#*bt>. £fblC, 3 0-4 0 0 lt°»$l 

6.Ni .Cu.Ag.Fe ^&£LV\ 
[ 0 0 2 2 ) ^^»b^ft<£^<7>5fe*mt£lffl<!: LX 
# A£fr£BX££y ^*Afc^*J!^tf>Ifc&L i x 
S i Xm~Tt £ , x =0 -4 . 2 ^£f£b</\, ^|?f(7> 
■^-f ^/^*5feAS:««1*WUfc^. x =0 -3 . 7 

X % x =4 . 2 XJ±. i§®££^X, 0 . 0 VX£>6 
x =3 . 7 XI*. . 0 5 VXfcofco C 
# . ffcL ,0.0V jfcffifri? ig 

iR#&5>ix5<mc*frL. o. osvw, <b<tzo. o 

8 V£A±( x =3 . 6 ) Xfi, **J0 . 4 V IC¥-®W£$: 
Jblffc^tt^mttdST^S £ 1^9 Jit* 

I 0023] ^^i^»^ft^ii^too 4 

^/^^5:&^t-^^^^o^^i®>!rt^l5^LX# 
tv^Xfc. *3g^Xfi. UT. ^mm<D^r 

itrntn. mtmm. y j-v-u&m* v 

[ 00 2 4 ] ^^XfflU^ K6iE^m^. Co , N 
i , Mn.Fe ^^llfnSl ?IWJbcO£M£^£r a - 
N a F e OzM^Jg^Wigfc L < li* e^/U^J|^» 

O^XfcSfiLV^iE«?S^Hi7>»5Stt. Li xMi-yD 
yOb-aXa ( MI±N i t> L < liC o X#>9 . DiiM 
n , Cr , Fe, Co, C u . Z n . Mo. Ag , W. 
B , A 1 , Ga J n, Sn, Pb, Sb, P A>£> jgtf 
^61 fleJLhW^G** Xli/^y^7c8?-e*>*3 . 0 . 2 
<x gl . 2,0gy ^0. 5, 1. 8 52. 3. 
0 ga SI, 0) tO^-e^$Jx5y ^-A^^^/U 

X£>6 0 ~c0>W>Xt> ^CffiUV^Ii, Li xNi 



1- y DyOb-aXa( DliMn , Cr 4 Fe, Co, C 

u, Zn, Mo, Ag k W, B, Al , Ga , I n , S 
n.Pb.Sb, PH iSHTn* 1 SEJUba>?cifi?. X it 
^vsfl/ytmX'M ,0. 2<xll. 2 4 0. 1 
£0 . 5 , 1 . 8^bg2. 3 t 0^aSl. 0 ) (7>m 

nay fn^^/^tt^6„ 

ftfe^^ibt^iEfliffiifeH^lifilctt, Li xMn 

2- yDyOb-aXa( DliCr , Fe , Co . Cu , Z 

n , Mo » Ag , W, B . Al 4 Ga 4 I n . S n . P 
b , Sb, P frb ill^ixe 1 fl£JUL<D5c** X II^d 
V7C^X&<? , 0. 05<xSl. 2,0gy gO. 
5.3. 5gb^4. 5 , 0^a ^1.0) <0*aj$X^ 

(O^^jc^ ( C o , N i . Mn ) L < liL i <0~ £ji£r 

^^m^^(^^v^x*jcm¥^mJE^^p^^^ /u 

jEffiffi4&Wo^flcfi*j£LXtt. Li xCoOz, L 

1 x N i O 2 , Li x Mn O 2 . Li x C o i-y N i y 
O2, Li xCoi-yVyOz. Li xCoi-yFey 
O2, Li xMn 204. L i x Mn 2- y C o y O4 , 
Li xMn2- y Ni y 04, Li xMn2- y V y 04. 

L i x Mn 2- y Fe y 04( Xx = 0 . 2 — 1 . 

2 . y =0 . 1 ~0 . 9,z=2. 01-2.3) 

i xNi 1yCOy02 N Li xNi t-yAI y02. 

Li x N i i-y C o y O 2-b F b „ Li x N i 1- y By 

O2. Li xMn 204, Li xMn2- y Al y04, 

Li xMn 2-yC o' y 04 . Li xMn2- y Fe y 04 

( x =0 . 2 — 1 . 2 „ y =0 . 1 — 0 . 3 . b =0 — 

0.3) zttfciffcHSo ::tx <Dim±ft1&mmteffi<n 

fire*>>? . 3tm.mz£Y) ±tzco$m$:mz-xmM^~%o 

[ 00 2 5 ] o^i:, iESffifeHt LX#4b< m^h 
H6Ni m&ik&bMn m§fc{£Vs<D*:tvet},izo\,*X!& 

Li xNi i. y DyOb-aXat^cf H5 0 ;it\ D 

OTtrn. m&&m7tmfrhm\fi\z> 1 m^x±.<r>ytmxh 

9 . b < l*D ttCo, Cr , Fe, Cu, Zn, M 

0 , Ag v W, B.Al ,Ga,In,Sn,Pb,S 

b, PT^^^^ix^i mzUzcoTtmxhZo xiiad^ 

>-tc^X*>6o ^ ^^^com^^^Sfi. o. 2< 
x ^1 . 2,0. 1 ^y g0. 5 . 1 . 8 Sb g2 . 

3 , 0 ga gl . 0 v «>tEGre*>5. 
V^^tOl oli % Li xNi i-yM y Ob( MliMn , 

Cr . Fe, Co v Cu. Zn, Mo, Ag, W, B, 
Al , Ga , I n, Sn, Pb, Sb, PH 

1 m^X±<D7tm. O . 2 <x gl . 2,0. 1 gy g 

0 . 5 . 1 . 8 gb S2 . 3 ) (0*flf&X^£ ^ /c 
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3lfAS@*$lxfc|aricT**>>3 , Li xNi t- y My 
Ob-aFa ( MfiMn N Cr,Fe.Co N Cu,Z 
n, Mo , Ag , W, B, Al , Ga , I n t Sn 4 P 
b^Sb.PH igff*x6 1 «£Ubtf>7C5i^ 0 . 2 <x 
Si . 2,0. 1 ' Sy SO . 5 , 1 . 8Sb ^2. 3 , 

0 <a Si . 0) <DUf$X'^t$ 0 ^$&w<DiEmm& 

Li xNi 1-y-z C o y MzOb-a F a ( Mfi. Mn 4 
Cr,Fe,Cu,Zn,Mo,Ag,W, B x A ! . 
G a> In,Sn,Pb,Sb,P^ ilii* Jx3 1 
_fc<£>5t3f . 0 . 2<x^l. 2 s O . 05^y ^0 . 
5.0. 0 1 Sz SO . 3 . 0 Sa Si . 0 . 1 . 8 S 
b S2 . 3 ) <DU$rt7v;£th*>~ytrJ^&) ^ AH 

[ 0 0 2 6 ] Mn ^OjE«i£te«jEJ£7£»IC£ LXfcP£ 
iV^lj:, A( B 2 J 04^!co^b-^yutI^^oLi 
Mn2 04Mibit^5o ^O^cD^f^tCiiL i M 
n 204(Ot5^^ fc£ f&^L i i+x( Mn 2y ] 

04 ( 0 <x < 1 . 7 % 0 Sy <0 . 7 ) ixS J; 

^£ix£ 0 r. OflnJi: Lt(±, Li 4 Mn s O i2fe5 
^fcT^/Uffiig^^-eLi [Li wMnw) 04i*»i 
tf<bix£ 0 r <fcffe<D#£L^0iJfi. -^Li M 
n 2-y) 04 ( O <x <1 . 0 . 0 Sy <0 . 5 ) Xtj^ 
£*LZ> 0 Z<Dty\t ttli, fcix.li^?4 -2 4 0 1 

1 7 (C^$ix^fb^SKWT**t^^^^{b^«5T**>S 
Li 2 Mn 5 O nfe 5 ^liX t* ^^Mi^t'L i i- x 

C Mn 2-y 3 04 ( x =0 . 2 7 3 , y =0 . 18 2) 
riSWb*l3 0 3;fc* fdW#£LWIIiifi, — USSSXi 
1-x C Mn 2-y) 04 ( 0 <x SO . 2 0 . 0 <y < 
0.4) X*^£ix. #J;ltf. Li 2Mn4 09^flfe> 
ix5 0 Ni K^^i^BW 
XMn a^co^fe6^(±^^7^^-^^rft!l7C^i: L 
T@^kLfc*a^Mn 3MI^fb4^#£Lt\> f&TC 
^ft LTiiC o, A! , Cr , Fe t£¥<D3 M<D&m7t 

¥9 -2 4 5 8 9 6 tc:I5«fe£ aVO^o. 

[0027] iiecoftii^mTc^^n^oL s Ni o 2 fe 

SlM*Li Mn 204ti. Ni *> L < liMn B.WCtb*> 
ffcfi^Li ^-CfcSLi ffc£4fcMflO;t* SsAD^ixS 

Steffi v *x AD^ac j; o x *x$ a> , &m<o& 

^~T6 Na , K, Mg , Ca , Al 4 flrclt. Cu v F 



[ 00 2 8 ] ^^#12. ±ffi(7>^*£*&5c3tf(09 £ 
5rl$I±$ ^ t dJ-C^ 5 C t «r3EIL fc. -Ttetoh* 

^0. 5 WTXfc5r £j4SGM^ftt££ -iM^/MMNOlSl 
±S^?j!jX'fe6 0 ttfigffil±(Cj;f3 tM^tlfiT;^ 

y ±mjtm<D^mfro . o 4 ii%^t, m.n<o^m 
m.&o . o 4 %mm£XTx. ^tmwo . 2 it%wT 

fes. *fc. Zhizitrrsi-jj}) ±mjcm(o^m^o . 
o 2 M%EAT, fifcfttf>*Wfid s o . 0 2 %ltaT, 
^tK^O . 1 li%gm5:i a* J: "9 

^^L^coiix^y il^i^t^tiio . 

0 2 If%^T, {)rj^tl"iIifiT*8 0 p p m£JLT 
( 0 . 0 0 8 %$XT) . ^7k^*»0 . I Ii%WT<7>i 
#X$>5o 

1 o o 2 9 ] ^^mxm? T/vxy ±m7tm<nt£frxm 

?*is$J*{ Mg ) . ^7/b>^A( Ca ) . 
^(Sr) , ^-)A(Ba) -C*>9 . ^t^II^ 
t>^ti-^^^->^ A{ Mg ) % ^/L-->"^A( Ca) , A 
y Ba ) XM . i:< Ca ) t-M 

[ 0 0 3 0 ] ^Hfi^ffi^^tC^^tL^^ 

S&lftd^*? . $t^L< li. 0 . 0 4 %i^T. £<b(w£F£ 
L<li0. 0 2 %^m5l^»^^v\ *fc 
tt8gefea^^3i5*>6 0iifiSIS*fijJ?8 o P P mWTt 

[0031] ^^(7>jESffl<ois^i£^^>^i*fi. y 

f^ACTT'fcSyf^Afb^Co, Ni . t>L< 
fiMn <nm±Xfr%±m,i£& ! &} J tLX&m^fcCXB . 
Al.Cr.Sn.Si.Fe.Ti /jCif (Cf^$ *x-5 

t»5l5W^. fe5 v ^iiy /u-^/b«fe^^(wf^$ tx6 ^ 

ihLXIL Li OH. Li 2CO3. Li 2O, Li N 
O3, Li 2SO4, Li HCO3, Li ( CH3CO 
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12. Ni O. Ni COs. Ni ( NOa) 2, Ni 

Ni C! 2. Ni S04, Ni a( PO*) 2. N 

1 (CHaCOO) 2 , Ni (OH) 2, Ni'QOH, 

/Jll^hh L^Cfl. C02O3. C03O4. C0CO3, 
Co ( NO3 ) 2 . C o C 1 2 . MnCOa, Mn O 

2 . Mn { NO) 3, B2O3 . B( OH) 3. Al 2 
O3, A I ( NO3) 3. A I (OH) 3. SnOz, 
SnO, SnCl 2. S n T^=J * >K . Si O2, S 
i O. 7^=1 F e 2 Oa s - F e C 1 3. F 
e OOH, Fe ( NO3) 3.TiO2.Ge02.Z 
r O2 , Nd 2 O3 . L a 2O3 . L a 2 O3 . Z n 

( NO3) 2 . WO3 , Ga (NO3) 2, CuO, V 
20s v Sm203. Y2O3, Al F3. Li F. L 
aF3.SnF2.Li3PO4.AI P04^ffl 

&mmt l ^ n^k &Mmith z> v mix 7 y — lx^ 
Hiooo *C*f* l < 1*6 o otH9oo ttoiaac 

L< tt&3?5*fiE**0 . 5 W-b^#[SmTT-. 4 B^Jft^ 
rra^fl=T&5t^i*ft=Sr^^ra»lsI»<? i£LfT? . 

-2 64 5 6 0 . ftffl¥2 -4 08 6 1 ,1^6-267 
538. P6 -2 31767 l£fEtta>»5fciS^«fc, &TM 
¥4 -2 3 7 9 5 3, [r]5 -3 2 5 9 6 6 . fsj6 -2 0 

3 8 3 4 tC|e^^^&, 4$ftfBg6 3-21156 

5 {ClS^coit^ttcJ; 6 4£ffl¥5 -1 9 8 3 0 

1 . fs)5 -2 0 5 7 4 1 # 

WBBSpS -2 8 3 0 7 6 . |W)6-3 10145 ICS 
ttO-CU 5, h fiScStCi: 6 #158^5 -3 2 59 

6 9 uiEifecoL i ow^m^wMt vxmm^mxm 

2f & ftfflW-G -6 08 8 7 (rlE^^^5>JEE^J 
i'TT'^tSm ^J¥6 -2 4 3 8 7 1 (^lEtfcO 
^ s> if?K — ^¥8 -1 3 8 6 7 0 (CfeftO^ 

[ 00 3 2 ] Ni gHfc&rt>L< liMn Gfcit&><D®&* IE 

^^xi^^t^^^^/^m^t^m±^^< tz> 
i&m&i -3o urn. —mstf-pfiLm&o . o 1 u±.i 

uml^TXM . $f>K#£L< ii-^*^^^3 
-2 0 m. — JSfc^O^AtO . 0 5-0. 5 timX 

&>z>o ^^x-fc&+tnm^j:-mttfrmmi,xft 



-9- x nta i§ i-5 0 . ft^-mtt+fr mvt 

1 00 3 3 ] jEffi£0a«<Ofct£ffi«id\ ±»atM^1B 
i^*tl£L. BBTmzXZmfeXO . 1 -1 0m 2 /g 
£0$£IST**>ar <t L< . 0 . 3-3m 2 /gGD$£ 

[ 0 0 3 4 ) «69reffl^5 iEliffifefttim^£tt-C 
[ 0 0 3 5] ^^(O^Jtz:^ffi$n6^mWis «/* 

^— ^x, ir/UD— x3P v {i^^ ^y^^-XtV^^ 

^fb^- ^ > m<om&&&mim4mm& mfz> &&x % 

fflv^^:^tv\ m^£O^T*(L /777^fh^ 

-*>/7^^^l< . j&^^^ii, o. oi 

//mJ^J:, 2 0 */maT7r>£f£L.< . 0 . 0 2 /im£t 
±.10 nm£lT<D$L?-tf£ V 

T-fflV^Xfcfi^b. 2i^ffflLttJ;t\ »ffl-r 
1-15 MmC0^lb^^{#ffli-6t^L^o « 
^tLl -5 0li%T'^:H^K, 1^(C2 -3 

0ti%T-fci^^^i^ o ^-^y^j'^W 

77 7 ^h "Cli. 3-2 0 If%t'$)6 C t d^J^ifFi 

i 0036] *&mx*itmm&m&&m-z>tzit>iz.&m 

/bo — ^ ^ t: K Ji^vHr/Uo — x s fcKo^r*>^ 

DtVb-fe/L'P — x. . ^yr^y^u^. 

^y r^y ^tNa . >Ky tr^/L-^^/ — /u, ^ry 

fay K>\ *ry T^y /U7^ k. ^y t Ko*->( y 
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uy-ZDe^y-^xy^-^y v-( epdm) „ 

y ^) r^y /u^^^^^^-ra ( t 
? y /^^^vv^ms-te. ( y ^) r^y /l/^xxr 

/u-T^y n-h y ^^ffi^f*. f — ybTir^ — h ^co 
^^V-Z/^^^ifcg^f*, T^y n — h y /u 

a.. Ttfy xfuy^i/K, 4fy ^x^/u 

tisp^ffinz^ /Ky oc— ^/u^y o^^^mm, # 
y 7^-7K^-h TKy ^i/^yfe 4<y mtvmsm^ 

4ft>i3Ky r^y ^^aix^/b^t7>7^:y 

rt5ri/J f/Utyl-p — X, ^Ky v^h ^ 7/U^-c2 

TKy 7-yit¥~}) fV^Wf>H5 0 r^ois* 

tf(O^f>fX^0 .01—5 ^m£7>^£0$rffl 
V *&<D&£Y) £f3:U< . O . O 5 — 1 »m(Dh £0£:/8^ 

\.xm^z>z.k&m&z>. tea^jtoasaos^^t^ m 

S%*5«-*U< . $Hc2 -1 o ii%^fiLv\ 

[ 0037] jte^Jtt. t*j*£nfc«&ic^vt\ 
it, m-f&oof^jE^jitfafb^T'fet) . mm ^ 

[ 0 0 3 8 ] *«WT-«fflr-^5«m«ijE®±T/U5 

#Af*L< . ££Wfr2:L< (17 0 /imt'fc 

«9 „ ^t^^L< 1*7 /im-2 0 „m-C*£>6„ x^r^/< 



,im-2 0 0 vmti*fr£l,< . £e>(C#f£b< 127 ^ m 
-15 0 ^mX&9 , #f^#-£L< (17 0 0 /i 

Jftmfr£>fcfcJg<t 1X119 8 %£A±as#$ L 

< , $ <b K#£ L < Ii9 9 %£*_kX£>9 . $£lw£F£ L < 

[ 0 0 3 9 ] ^(c^^(r:ioit5IE^m^mfi£^ov^ 

sis. &m&titzJE®mym( t>u< 
^mt mmftk <r>w\^&>z> two mm*M , 
[0040] «s®(ijEftma(o^*fciijE^mis<o 

^c7>^^ffi^5 ^ t ^^X# 6 . TK^F^ti^OTk^co 
100 ppm aT. fri£V< i$Tmkv>h<Dfr 

£*±, 9 6 If%WW«L< . 5 Ii%a±, 9 5 
SS%»Td5j: t? » * b < , 10 If%t/1, 9 3 fi^ 

[ 004 1 ] 7K^F^i±o^mi4^^ Ltli, ^JR. ^ 

mmm, &mmm* mmmm, ij-^^y y^^m 

SLt^ $i^tgRSc-r6 5£^2 0 < CtC^^6m^ta: 

^tbrii. 5 XI 0 9 Q* mWTi^l^o 

[ 004 2 ] ^JR»5fet L"CI±, y ^^AtORJttt* 5 

< . ^y/K s*. ^dju, ^y 
^>^JRt»5RO^li, tt^c. ffi^, ^cot^-TH 
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"C't> X < , m*:'&tfO . O 2 ix mU±. 2 0/i m^T^ 
£r£L< .0.1 //mi^±, 1 0 ^mraU^^l 

[ oo43] i%m&+t LTii, ^m&^ff^m 
[ oo44] &Ktoizwm&&ftttK\,^*mmb*k 

1*. T^-y^ i//l<ii^T, -e^^v-T. A7-fh , ~7 

*iT-?>0 . o l m£t±. i 0 ^TT'^? t 941^. 
[ 004 5] E( t) C7>m^>— h fiIE< ^i) ffiO^^J 

&V\> ^gftf^^Op Hte^^T-fiS —1 0 , jE«-CI±7" — 
1 2 ^#$LV*. 

1 0 0 4 6 ] m$n*m*<ojjm-eft? ztfctti&ztK 

^trfc. fjy-ftem* 

4$tC$f£lA\, 0. 1 -10 0m/5>^)MT* 

%JSi^JEft$ Jxfctttl"Cl 0 -1 000 /imT'^o & 

6 0 Kjgi?gAii8 0-350 x:<7>$am&f$i£^< . 

10 0-260 Twi&fflaw*Li/\, 

2 0 0 0 p p m£tT^t< „ 5 0 0 p p mEATrtU 



KB^$ itfcV^, 10kg/cm 2 -3t / c nv 2 

*Li/\ ^ i/ y y-^u ^ ^^i/ x Mi o.i — 

5 0m/»*Lt\ TV^i&gtt, l}&-20 0 t 
[ 0 0 4 7 } *56^T*fiEfflT*^5-fe^u— -T^-v 
mx3b*Llt&< , WBtLt, -e— . 

5, wfrt it, t°u^ v ^^i^ 

0*5^Ul\ ?L^0 . 0 .1 -1 /im. 11^75^ 

5 -5 O vm<D'mU±7j /Ui^^tV^ 

Atfcoti>ftV\ M7Llt, Ttty xfi/y7>r;l,i,^ 

i 0048] m&mK-mz&fts&k mm-hm^.H 

6. y ^^A-^m^ifc^ott^^^fiy 

~Cte H Li CI 04 t Li BF4, Li P 

Fs. Li CF3CO2. Li As Fe. Li Sb 

F6, Li B10CI 10. Li OS02CnF2n + tT^ 

n f±6 £XT<DlE<Dm%d , L 

i N( S0 2 CnF 2 n*l) < S0 2 CaiF 2m+ l) 

Li C(S0 2 CpF 2 p*i) ( SO2CqF2q + 0 (SO 
2CrF 2 r*l) -C^ivSy ^Klfi( p . q . r W^iX 

A, Li Al CI 4. Li CI , Li Br 4 Li I , ^ 

Li t&^ijfsrt^ai^ ^ <o-m& tz\±~mu 

i^^ltWa^t^ao /^T'tLi BF 
^Ov'&avMlL i PF6«:*»Lfc<>O^Si»*L 

y h ^^tzK> 0.2—3 ^/U^^tV\ 

I 0049] *&mx-®imx-zhmmki.xit* 
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K , i . 3-wy7y, 2 . 2 h y 7/m- 
a^^/u) -i , 3 ->'^y7^, ^^r^: k , 

^ ^-/UjtwUATS K , i/«y7V 4 i^MriJ-V, 7i? 

2 -Tf-^r-^/y 3 -7/Mr/l'V'K/ W T/b* 

U># — fh7tKD77>P^ 
m^yUji— 1, 3 -7 p O'<>'-9vl'h >-&<t'C0#7* 

p h vi±*r«^iiSr s*»f t , - tub o-ik 
tf*— b ^u^xm^^<o^^^v 

— h . -fvt'Ul/jtj— zt^~ h ,1.2 h ^ >^ 

— h ^^a^^bfcm^^i^L i CF3SO3. Li C 
1 0 4 , Li BF^iZUV^AcfSL i PFeSr^trH 

i£*—Y t>L< \%'y^^i3— h cO'>&< £ t> — 
^0^;^^Jt(- N Li CF3S03. Li CI O4, t> 
U<(iLi BF4tD*tf»£**Jxfc*J»fc< £h— m<Di& 

[ 0050] £/c, «»jffioii!ucjsfc^«/j:iaft:®»frt 

t^i, Li a>&fl^ ®*&lfc*:^#J; 
< ^ixTt^o Jfc)&>-Ct> v Li 3N, Li I , Li 5 
NI 2, Li 3N-L1 I -Li OH. Li 4S1 
O4, Li 4Si O4-L1 I -Li OH. xL i 3P 
O4- p-x>L i 4S i 04. L i 2S i S 3. SkW) 

I 0051] ^mm^mmmxn, *?y 

4 y mmm^mmmfcz^tstfv ^y >^ntru^ 

— <t±IS^7'n h ^temft¥i£<0^#i. y >;g£^x^/u 
h y xWWfrfivhXhZ. <*£»K, /Ky 7^!i ox 



Wffl-TS Jj&xb tifc ixX ^6 . 

[ 0 0 5 2 ] *Efc«^jfc«#tt*afea-r6 
x% mnik^ty&mf&n^muvxb &\,\ tr 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the nonaqueous rechargeable battery which uses as a component the positive electrode 
which has positive active material, the negative electrode which has a negative-electrode ingredient, 
and nonaqueous electrolyte It is the compound with which this negative-electrode ingredient 
contains the silicon atom in which insertion emission of a lithium is possible. One or more sorts of 
metals with which this positive active material is chosen from Co, nickel, Mn, and Fe are included, 
and it is alpha-NaFeO 2. It is the lithium content transition-metals multiple oxide which consists of 
the layer structure of a mold or a spinel mold. The nonaqueous rechargeable battery with which the 
content of the alkaline earth element in this positive-electrode multiple oxide is characterized by a 
sulphuric content being 0.1 or less % of the weight 0.1 or less % of the weight 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention uses a silicon compound for a negative electrode, and relates 
to the lithium secondary battery of the long non-drainage system of a cycle life by high capacity. 
[0002] 

[Description of the Prior Art] The lithium contained in positive active material is first inserted in a 
negative-electrode ingredient, and the activity of a negative-electrode ingredient is raised in the 
lithium secondary battery using the positive active material containing the negative-electrode 
ingredient which does not contain a lithium metal, and a lithium. This is a charge reaction and the 
reaction for which a lithium ion is made to insert in positive active material from the reverse 
negative-electrode ingredient is a discharge reaction. Carbon is used as this type of a lithium cell 
negative-electrode ingredient. The geometric capacity of carbon (C6 Li) is 372 mAh/g, and further 
high capacity negative-electrode ingredient is desired. On the other hand, the geometric capacity of 
the silicon which forms a lithium and an intermetallic compound surpasses 4000 mAh/g, and it is 
known well that it is larger than that of carbon. For example, the silicon of a single crystal is 
indicated in JP,5-74463,A, and amorphous silicon is indicated in JP,7-29602,A. moreover, the 
example which contains silicon in a Li-aluminum alloy with the alloy containing silicon — 
JP,63-66369,A (silicon is 19 % of the weight) — said — 63-174275 (silicon is 0.05 - 1.0 % of the 
weight) — said — it is indicated by 63-285865 (silicon is 1 - 5 % of the weight). However, since each 
of such alloy patent application made the lithium the subject, the compound which does not contain 
a lithium was used for positive active material. Moreover, in JP,4-109562,A, 0.05 - 1.0% of the weight 
of the alloy is indicated for silicon. In JP.62-226563 A the approach of mixing a lithium, the metal in 
which an alloy is possible, and graphite powder is indicated. However, it has come to use by all being 
inferior in a cycle life. As a reason which is inferior in the cycle life of silicon, the volume expands by 
that the electronic conduction nature is low and lithium insertion, and it is guessed that pulverization 
of the particle is carried out. Moreover, as positive active material of general-purpose 4 Class V 
rechargeable lithium-ion battery, the possible stratified compound of Li insertion emission 
represented (M is one or more sorts of metal cations) is used for LiCo02, LiCo1-x Nix 02, LiNi02, 
LiNi1-x Mx 02, LiMn 204, LiMn2~x Mx 04, etc. LiCo02 indicated by JP,55-136131,A also especially 
in these The high charge and discharge potential more than 3.5Vvs(es).Li is given, and the cycle life 
is promptly commercialized at the long point. On the other hand, the resource amount of supply is 
restricted, it changes to Co which is cost quantity, and development of the rechargeable battery 
using Mn or nickel is activating. As indicated by JP,6-096769,A and this 6-267539 grade in the 
rechargeable battery of nickel system oxide, compared with Co system, it is the features that 
current capacity is high. Moreover, in addition to the cheapest point, Mn system oxide is equipped 
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with the features that an average electrical potential difference is highly excellent also in safety, 
among three sorts of metallic oxides. While these nickel systems and Mn system carry out active 
material measles, it is LiCo02 by the effect of generating of the John teller distortion etc. It has 
been a big cure technical problem towards utilization that compare, and the cycle life of charge and 
discharge is inferior since the crystal structure is electrochemically unstable. Especially in the case 
of nickel, since the nickel trivalent of a reduction type is more stable compared with Co, in the 
repeat cycle of charge exceeding 4V by which the average charge of nickel approaches tetravalence 
by an oxidation reduction potential becoming low in Lix Ni02 (x<=1), degradation of capacity is 
remarkable. Then, generally the method of adding the metal cation of Co and others to nickel, and 
attaining stabilization of a cycle life and high potentiaHzation is used so that it may be indicated by 
JP,63-211565,A, JP f 5-242891, A, JP,8-213015,A, etc. In addition to generating of the John teller 
distortion by the side of high discharge of Li content, in Mn, the method of that Mn trivalent elution 
happens worsening cycle nature, it adding the metal cation of Co and others like nickel as this cure, 
and attaining stabilization of a cycle life and high potential-ization is used by the charge side. 
However, these metal dope types of positive active material is prepared, and even if a presentation 
ratio is equivalent, the technical construction for the engine-performance stabilization with which it 
is a problem with which changing the cycle engine performance and shelf life by the difference 
including the raw material of a dope element (D) among the purity of synthetic powder or the 
conditions of purification, and it included control of the purity of positive active material is needed 
[0003] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to maintain to stability 
the charge-and-discharge property which raised the amount of energy of a lithium secondary 
battery, and includes a cycle life. 
[0004] 

[Means for Solving the Problem] In the nonaqueous rechargeable battery with which the technical 
problem of this invention uses as a component the positive electrode which has positive active 
material, the negative electrode which has a negative-electrode ingredient and nonaqueous 
electrolyte It is the compound with which this negative-electrode ingredient contains the silicon 
atom in which insertion emission of a lithium is possible. It is the lithium content transition-metals 
multiple oxide with which this positive active material consists of the layer structure of 
alpha-NaFe02 mold or a spinel mold including one or more sorts of metals chosen from Co, nickel, 
Mn, and Fe. The content of the alkaline earth element in this positive-electrode multiple oxide has 
been solved 0.1 or less % of the weight using the nonaqueous rechargeable battery with which a 
sulphuric content is characterized by being 0.1 or less % of the weight 
[0005] 

[Embodiment of the Invention] Although the mode of this invention is explained below, this invention 
is not limited to these. 

(1) In the nonaqueous rechargeable battery with which a nonaqueous rechargeable battery uses as a 
component the positive electrode which has positive active material, the negative electrode which 
has a negative-electrode ingredient, and nonaqueous electrolyte This negative-electrode ingredient 
is a compound containing the silicon atom in which insertion emission of a lithium is possible, one or 
more sorts of metals with which this positive active material is chosen from Co, nickel, Mn, and Fe 
are included, and it is aipha-NaFeO 2 (by the alias name). It is the lithium content transition-metals 
multiple oxide which consists of the layer structure of the so-called rock salt mold or a spinel mold, 
and the content of the alkaline earth element in this positive-electrode multiple oxide is [ a sulphuric 
content ] 0.1 or less % of the weight 0.1 or less % of the weight. 

(2) Term (1) The average grain size of a silicon compound is 0.01-50 micrometers. 

(3) Term (1) A silicon compound is an alloy. 



8/12/2005 12:09 PN> 



1-3541 18,A [DETAILED DESCRIPTION] http://www4.ipdI.ncipi.go.jp/cgi-biii/tran_web_cgi 

(4) Term (3) In an alloy, at least one sort of metals other than silicon is alkaline earth metal, 
transition metals, and semimetal. 

(5) Term (3) At least one sort of the metal of (4) is germanium. Be, Ag, aluminum, Au, Cd, Ga, In, Sb, 
Sn, and Zn. 

(6) Term (3) The weight ratio of this metal to the silicon of - (5) is 5 - 90%. 

(7) The silicon compound of a term (1) is the silicon which removed the metal from the metal silicide. 

(8) The metal silicide of a term (7) is a lithium silicide. 

(9) The lithium content of the lithium silicide of a term (8) is 100 - 420 atom % to silicon. 

(10) The silicon compound of a term (1) has adhered with the lithium and the ceramic which does 
not react. (1 1) At least one sort as which the ceramic of a term (10) is chosen from aluminum 203, 
Si02 f Ti02 and SiC, and Si3N4. 

(12) The weight ratio of this ceramic to the silicon compound of a term (10) and (1 1) is 2 - 50%. 

(13) Term (10) The process heated at 300-1300 degrees C is included about the approach of making 
this ceramic adhering to the silicon compound of - (12). 

(14) The silicon compound of a term (1) is covered with the metal at least. 

(15) The approaches of making it cover with the metal of a term (14) are an electroless deposition 
method, vacuum deposition, the sputtering method, and a chemical-vapor-deposition method. 

(16) At least one sort of the metal with which a term (14) and (15) are covered is nickel, Cu, Ag, Co, 
Fe, Cr, W, Ti, Au, Pt, Pd, Sn, and Zn. 

(17) Term (14) The specific conductance of the silicon compound covered with the metal of - (16) is 
10 or more times of the specific conductance of the silicon compound which is not covered. 

(18) The silicon compound of a term (1) is beforehand covered with thermoplastics. 

(19) The thermoplastics of a term (18) is polyvinylidene fluoride and polytetrafluoroethylene. 
[0006] (20) A weight ratio is 2 - 30% at the thermoplastics to a term (18) and the silicon compound 
of (19). 

(21) Term (18) The coverage of the thermoplastics of - (20) is 5 - 100%. 

(22) Live carbon together 5 to 1900% by the weight ratio to the silicon compound of a term (1). 

(23) The carbon of a term (22) is a scale-like natural graphite. 

(24) When the charge-and-discharge range of the silicon compound of a term (1) is expressed with 
LixSi to silicon as equivalent ratio of the lithium which carries out insertion emission, x is within the 
limits of 0 to 4.2. 

(25) When the charge-and-discharge range of the silicon compound of a term (1) is expressed with 
LixSi, x is within the limits of 0 to 3.7. 

The positive active material of a term (1) is the stratified compound of the alpha-NaFe02 mold 
which uses as a principal component one or more sorts of metals chosen from Co, nickel, and Fe. 

(26) Preferably Lix nickel 1-yDy Ob-a Xa (it Cr(s) and Fe(s) D — Mn — ) Co, Cu, Zn, Mo, Ag, W, B, 
aluminum, Ga, In, Sn, One or more sorts of elements chosen from Pb f Sb, and P and X are halogens, 
and are 0.2< x<=1.2, 0.1<=y<=0.5, 1.8<=b<=2.3, and a lithium content nickel multiple oxide shown with 
the presentation of 0<=a<=1.0. 

(27) The positive active material of a term (1) is Lix Mn2-y Dy Ob-a Xa (it CKs) D). Fe, Co, Cu, Zn, 
Mo, Ag, W, B, aluminum, Ga, In, One or more sorts of elements chosen from Sn, Pb, Sb, and P and X 
are halogens, and are the lithium content manganese multiple oxide of 0.05< x<=1 .2, 0<=y<=0.5, 
3.5<=b<=4.5, and the Spinel structure mold shown with the presentation of 0<=a<=1.0. 

[0007] (28) The content of the alkaline earth element in the lithium content multiple oxide of a 
positive electrode is [ a sulphuric content ] 0.04 or less % of the weight 0.04 or less % of the weight. 
(29) The water content in the lithium content multiple oxide of a positive electrode is 0.5 or less % of 
the weight. 
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(30) The content of the alkaline earth element in the lithium content multiple oxide of a positive 
electrode is [ a sulphuric content ] 0.02 or less % of the weight 0.02 or less % of the weight. 

(31) The water content in the lithium content multiple oxide of a positive electrode is 0.2 or less % of 
the weight. 

(32) Term (3) The average grain size of the silicon used by - (25) is 0.01-50 micrometers. 

The silicon said here is a lithium, the silicon simple substance which can react, a silicon alloy, and a 
silicide. 

(33) Term (3) The ceramic of term (7) - (13) is made to adhere to the alloy of - (6). 

(34) Term (3) The metal of term (14) - (17) is covered into the alloy of - (6). 

(35) Cover the metal of term (14) - (1 7) into the ingredient of a term (33). 

(36) Term (3) The thermoplastics of term (18) - (21) is covered into the alloy of - (6). 

(37) Term (33) The thermoplastics of term (18) - (21) is covered into the ingredient of - (35). 

(38) Term (3) The carbon of a term (22) and (23) is made to live together into the alloy of - (6). 

(39) Term (33) The carbon of a term (22) and (23) is made to live together into the ingredient of - 
(37). 

[0008] (40) Use the ingredient of term (3) (41) which uses alloy of - (6) in [ charge-and-discharge ] 
term (24) and (25) term (33) - (39) in [ charge-and-discharge ] a term (24) and (25). 

(42) Term (3) The compound of a term (26) is used as positive active material of the alloy negative 
electrode of - (6). 

(43) Term (33) The compound of a term (26) is used as positive active material of the ingredient of - 
(39). 

(44) Term (7) The ceramic of term (7) - (13) is made to adhere to the silicon of - (9). 

(45) Term (7) The metal of term (14) - (17) is covered to the silicon of - (9). 

(46) Cover the metal of term (14) - (1 7) into the ingredient of a term (39). 

(47) Term (7) The thermoplastics of term (18) - (21) is covered to the silicon of - (9). 

(48) Term (44) The thermoplastics of term (18) - (21) is covered into the ingredient of - (46). 

(49) Term (7) The carbon of a term (22) and (23) is made to live together in the silicon of - (9). 

(50) Term (44) The carbon of a term (22) and (23) is made to live together into the ingredient of - 
(48). 

(51) Term (7) The silicon of - (9) is used in [ charge-and-discharge ] a term (24) and (25). 

(52) Term (44) The ingredient of - (50) is used in [ charge-and-discharge ] a term (24) and (25). 

(53) Term (7) The compound of a term (26) is used as positive active material of the silicon negative 
electrode of - (9). 

(54) Term (44) The compound of a term (26) is used as positive active material of the negative 
electrode of - (50). 

(55) Term (10) The metal of (14) - (17) is covered to the silicon compound of - (13). 

(56) Term (10) The thermoplastics of (18) - (21) is covered to the silicon compound of - (13). 

(57) Cover the thermoplastics of term (18) - (21) into the ingredient of a term (50). 

(58) Term (10) The carbon of a term (22) and (23) is made to live together to the silicon compound 
of -(13). 

(59) Term (55) The carbon of a term (22) and (23) is made to live together into the ingredient of - 
(57). 

[0009] (60) Term (10) The silicon compound of - (13) is used in [ charge-and-discharge ] a term 
(24) and (25). 

(61) Term (55) The ingredient of - (57) is used in [ charge-and-discharge ] a term (24) and (25). 

(62) Term (10) The compound of a term (26) is used as positive active material of the silicon 
compound negative electrode of - (13). 

(63) Term (55) The compound of a term (26) is used as positive active material of the ingredient 
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negative electrode of - (57). 

(64) Term (14) The ceramic of term (7) - (13) is made to adhere to the ingredient of - (17). 

(65) Term (14) The thermoplastics of term (18) - (21) is covered into the ingredient of - (17). 

(66) Cover the thermoplastics of term (18) - (21) into the ingredient of a term (64). 

(67) Make the carbon of a term (22) and (23) live together into the ingredient of term (14) - (1 7) and 
(64) - (66). 

(68) Use the ingredient of term (14) - (17) and (64) - (67) in [ charge-and-discharge ] a term (24) 
and (25). 

(69) Use the compound of a term (26) as positive active material of the ingredient negative 
electrode of term (14) - (17) and (64) - (67). 

[0010] (70) Term (18) The ceramic of term (7) - (13) is made to adhere to the ingredient of - (21). 

(71) Term (18) The metal of term (14) - (17) is covered into the ingredient of - (21) and (70). 

(72) Term (18) The carbon of a term (22) and (23) is made to live together into the ingredient of - 

(21) , (70), and (71). 

(73) Use the ingredient of term (18) - (21) and (70) - (71) in [ charge-and-discharge ] a term (24) 
and (25). 

(74) Use the compound of a term (26) as positive active material of the ingredient negative 
electrode of term (18) - (21) and (70) - (71). 

(75) Use the compound of a term (26) as positive active material of the negative electrode of a term 

(22) and (23). 

[0011] the positive electrode (or negative electrode) used by this invention — a positive electrode 
on a charge collector, a mixture (or a negative electrode mixture) can be painted and fabricated, 
and can be made, a positive electrode — an others and electric conduction agent, a binder, a 
dispersant, a filler, an ion electric conduction agent, a pressure enhancement agent, and various 
additives can be included in a mixture (or a negative electrode mixture). [ positive active material / 
(or negative-electrode ingredient) ] Although these electrodes may be discoid and tabular, it is 
desirable to have the shape of a supple sheet. 

[0012] The configuration and ingredient of this invention are explained in full detail below: The 
compound containing the silicon atom which can carry out insertion emission of the lithium used 
with the negative-electrode ingredient of this invention means a silicon simple substance, a silicon 
alloy, and a silicide. A single crystal, polycrystal, and amorphous all can be used as a silicon simple 
substance. The purity of a simple substance has 85 desirable % of the weight or more, and its 95 % 
of the weight or more is especially desirable. Furthermore, especially 99 % of the weight or more is 
desirable. The average grain size has desirable 0.01-50 micrometers. Especially, 0.02-30 
micrometers is desirable. Furthermore, 0.05-5 micrometers is desirable. 

[0013] Since a silicon alloy controls the pulverization by expansion contraction of the silicon 
produced when insertion emission of the lithium is carried out or improves the conductive lowness 
of silicon, it is thought that it is effective. As an alloy, an alloy with alkaline earth metal, transition 
metals, or semimetal is desirable. Especially, a dissolution nature alloy and an eutectic nature alloy 
are desirable. A dissolution nature alloy says the alloy which forms the solid solution. For example, 
the alloy of germanium is a dissolution nature alloy. Although eutectic of the eutectic nature alloy is 
carried out to silicon at any rate, the solid-state cooled and obtained says the alloy which is the 
mixture of silicon and a metal. Be, Ag, aluminum, Au, Cd, Ga, In, Sb, Sn, and Zn form an eutectic 
nature alloy. In these, the alloy of germanium, Be, Ag, aluminum, Au, Cd, Ga, In, Sb, Sn, and Zn is still 
more desirable. Moreover, two or more sorts of these alloys are also desirable. The alloy which 
contains germanium, Ag, aluminum, Cd, In, Sb, Sn, and Zn especially is desirable. The mixed ratio of 
these alloys has 5-70 desirable % of the weight to silicon. Especially, 10 - 60 % of the weight is 
desirable. In this case, although electrical conductivity improves, it is desirable the cell engine 
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performance and that specific conductance becomes 10 or more times of the specific conductance 
of the silicon in front of an alloy or a silicon compound in respect of discharge capacity, a high rate 
property, and a cycle life especially. The average grain size of an alloy has desirable 0.01-40 
micrometers. Especially, 0.03-5 micrometers is desirable. 

[0014] A silicide says the compound of silicon and a metal. As a silicide, CaSi, CaSi2, Mg2Si, BaSi2 
and SrSi2, Cu5Si f It MnSi(s). FeSi, and FeSi2, CoSi2 and nickel2 — Si and NiSi2 — MnSi2, MoSi2, 
CrSi2, TiSi2, Ti5Si3, Cr3Si, It ErSi(s). NbSi2, NdSi2, CeSi2, SmSi2, DySi2, ZrSi2, WSi2, and W5 — Si3, 
TaSi2, Ta5Si3, and TmSi2, TbSi2, YbSi2 f YSi2 and YSi2 — ErSi2, GdSi2, PtSi, V3Si, VSi2 and HfSi2, 
PdSi, PrSi2, HoSi2 and EuSi2, LaSi, RuSi, ReSi. RhSi, etc. are used. 

[0015] As this silicon compound, the silicon which removed the metal from the metal silicide can be 
used. As a configuration of this silicon, a thing porous by the particle 1 micrometer or less and the 
thing which the minute particle condensed and formed the porous aggregated particle can be raised. 
It is thought as a reason a cycle life will be improved if this silicon is used that pulverization is hard 
to be carried out. As for the metal of this metal silicide, it is desirable that they are alkali metal and 
alkaline earth metal. Especially, it is desirable that they are Li, calcium, and Mg. Especially, Li is 
desirable. 100-420-mol% of the lithium content of this lithium silicide is desirable to silicon. 
Especially, 200-420 are desirable. As for the approach of removing alkali metal and alkaline earth 
metal from the silicide of alkali metal or alkaline earth metal, it is desirable to make it process with 
the solvent in which you react to with alkali metal and alkaline earth metal, and a resultant makes it 
dissolve. As a solvent, water and alcohols are desirable. The alcohols deaerated and dehydrated 
especially are desirable. As alcohols, methyl alcohol, ethyl alcohol, 1 -propyl alcohol, 2-propyl alcohol, 
1 -butyl alcohol, sec-butylalcohol, t-butyl alcohol, 1-pentyl alcohol, 2-pentyl alcohol, and 3-pentyl 
alcohol are desirable. Especially, 1 -propyl alcohol, 2-propyl alcohol, 1 -butyl alcohol, 
sec-butylalcohol, and t-butyl alcohol are desirable. Removal of calcium or Mg has desirable water. It 
is still more desirable when a buffer for pH which is maintained near neutrality is used. 
[0016] It is thought that the ceramic made to adhere to a silicon compound is effective in control of 
the pulverization of silicon. As a ceramic, a lithium and the compound which does not react in 
principle are desirable. Especially, aluminum 203, Si02, Ti02 and SiC, and Si3N4 are desirable. As an 
approach to which silicon and a ceramic are made to adhere, although mixing, heating, vacuum 
evaporations and CVD are used, concomitant use of mixing and heating is desirable especially. After 
carrying out distributed mixing of aluminum 203, Si02 sol, and the silicon especially, it can heat, the 
lump which dissolved can be ground and silicon, aluminum 203, and the affix of Si02 can be 
obtained. In this case, aluminum 203 and the affix of Si02 mean the condition that the front face of 
aluminum 203 or Si02 grade is covered with silicon powder, it is shut up in the interior of the lump 
of aluminum 203 or Si02 grade, or they are covered for the front face of silicon. Mechanical 
agitation, a supersonic wave, and kneading can attain mixed distribution. Although it is desirable to 
perform heating in 300 degrees C - 1300 degrees C in inert gas, 500 degrees C - 1200 degrees C 
are especially desirable. As for inert gas, an argon, nitrogen, and hydrogen are raised. These mixed 
gas is also used. The approach by which the grinding method was learned with the ball mill, the 
vibration mill, the planet ball mill, the sufficient jet mill, etc. is used. It is desirable that this grinding is 
also performed in inert gas. Although the mixing ratio of the ceramics to silicon has 2 - 50% of the 
weight of the desirable range, 3 - 40% is especially desirable. The average grain size for which it 
asked from electron microscope observation of silicon has desirable 0.01-40 micrometers. 
Especially, 0.03-5 micrometers is desirable. 

[0017] As metallic coating of the silicon compound of this invention, it can attain by vacuum 
deposition, such as an electroplating method, permutation plating, an electroless deposition method, 
resistance heating vacuum deposition, electron beam evaporation, and cluster ion vacuum 
deposition, the sputtering method, and the chemical-vapor-deposition method (CVD method). 
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Especially, vacuum deposition, such as an electroless deposition method, resistance heating vacuum 
deposition, electron beam evaporation, and cluster ion vacuum deposition, the sputtering method, 
and a CVD method are desirable. Furthermore, especially an electroless deposition method is 
desirable. A nonelectrolytic plating method is a volume on "electroless deposition foundation and 
application" electroplating study group. **************** (1994) It is indicated. The reducing agent 
has phosphinate, phosphonate, a boron hydride ghost, aldehydes, a saccharide, amines, and a 
desirable metal salt. Phosphinic acid hydrogen sodium, phosphonic acid hydrogen sodium, a sodium 
borohydride, dimethylamine borane, formaldehyde, sucrose, a dextrin, a hydroxylamine, a hydrazine, 
an ascorbic acid, and a titanium chloride are desirable. It is desirable to include the pH regulator and 
complexing agent other than a reducing agent in plating liquid. The compound indicated above "an 
electroless deposition foundation and application" also about these is used. Although especially pH 
of plating liquid is not limited, 4-13 are desirable. For the temperature of liquid, although 10 degrees 
C - 100 degrees C are desirable, 20 degrees C - 95 degrees C are this better ** especially. It is 
SnCI2 besides a plating bath. The activation bath which consists of a hydrochloric-acid water 
solution, and PdCI2 The nucleation bath which consists of a hydrochloric-acid water solution is 
used, or a filtration process, a rinsing process, a grinding process, and a desiccation process are 
used further. 

[0018] moreover — as the gestalt of the silicon compound covered — both the shape of fine 
particles massive tabular, etc. — although — it is used. Although the metal covered is good anything 
if it is a conductive high metal, nickel, Cu, Ag, Co, Fe, Cr, W, Ti, Au, Pt, Pd, Sn, and Zn are desirable 
especially, nickel, Cu, Ag, Co, Fe, Cr, Au, Pt, Pd, Sn, and Zn are desirable especially, and nickel, Cu, 
Ag, Pd, Sn, and especially Zn are still more desirable. Although especially the amount of metals 
covered does not have limitation, it is desirable to cover so that specific conductance may become 
10 or more times of the specific conductance of the silicon compound which is a base. 
[0019] It is desirable to cover with thermoplastics the silicon compound used by this invention. As 
for thermoplastics, a fluorine-containing high molecular compound, an imide system giant molecule, a 
vinyl system giant molecule, an acrylate system giant molecule, an ester system giant molecule, a 
polyacrylonitrile, etc. are used. Especially thermoplastics has desirable resin which is hard to swell in 
the electrolytic solution. As an example, polyacrylic acid, polyacrylic acid Na, a* polyvinyl phenol, 
Polyvinyl methyl ether, polyvinyl alcohol, a polyvinyl pyrrolidone, Water-soluble polymers, such as 
polyacrylamide, PORIHIDOROKISHI (meta) acrylate, and a styrene maleic-acid copolymer, Polyvinyl 
chloride, poly tetrapod FURURORO ethylene, polyvinylidene fluoride, A tetra-FURORO 
ethylene-hexa FURORO propylene copolymer, a vinylidene fluoride-tetra-FURORO ethylene-hexa 
FURORO propylene copolymer, Polyethylene, polypropylene, an ethylene-propylene-diene 
terpolymer (EPDM), Sulfonation EPDM, polyvinyl-acetal resin, a methylmetaacrylate, The acrylic 
ester (meta) copolymer containing acrylic ester (meta), such as 2-ethylhexyl acrylate. The polyvinyl 
ester copolymer containing vinyl ester, such as an acrylic ester-acrylonitrile copolymer and vinyl 
acetate, (Meta) A styrene-butadiene copolymer, an acrylonitrile-butadiene copolymer, 
Polybutadiene, neoprene rubber, a fluororubber, polyethylene oxide, An emulsion (latex) or 
suspension, such as polyester polyurethane resin, polyether polyurethane resin, polycarbonate 
polyurethane resin, polyester resin, phenol resin, and an epoxy resin, can be mentioned. The latex of 
a polyacrylic ester system, a carboxymethyl cellulose, polytetrafluoroethylene, and polyvinylidene 
fluoride are mentioned especially, these compounds are independent — or it can mix and use. 
Especially, a fluorine-containing high molecular compound is desirable. Polytetrafluoroethylene and 
polyvinylidene fluoride are desirable especially. As an approach of covering beforehand, 
thermoplastics is dissolved in a solvent, and a silicon compound is mixed and kneaded in the 
solution. The approach of drying the solution and grinding the obtained solid is desirable. As amount 
of the thermoplastics used to a silicon compound, 2 - 30 % of the weight is desirable. Especially, 3 - 
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20 % of the weight is desirable. Although 5-100% of coverage is desirable, 5 - 90% is desirable 
especially. The average size of the covered particle has 0.01 micrometers - desirable 40 
micrometers. Especially, 0.03-5 micrometers is desirable. 

[0020] It is desirable to mix and use a silicon compound and a carbonaceous compound in this 
invention. The ingredient for which a carbonaceous ingredient is used with an electric conduction 
agent or a negative-electrode ingredient is used. As a carbonaceous ingredient a difficulty 
graphitized-carbon ingredient and a graphite system carbon material can be mentioned. Specifically 
JP.62-122066A JP,2-66856,A, The spacing indicated by each official report, such as 3-245473, a 
consistency, the carbon material of the magnitude of microcrystal, The mixture of a natural graphite 
and an artificial graphite given in JP,5-290844,A, JP,63-24555,A, 63-13282, 63-58763, They are a 
vapor growth carbon material given in JP,6~21261 7,A, and the ingredient by which heating baking 
was carried out at the temperature exceeding 2400 degrees C in difficulty graphitized carbon given 
in JP,5-182664,A. And an ingredient with the peak of the X diffraction equivalent to two or more 
002nd page, JP,5-307957,A, 5-307958, 7-85862, the meso face carbon material compounded by the 
8-315820 official report by pitch baking of a publication, To the graphite and pan which have the 
enveloping layer of a publication in JP,6-84516,A Carbon materials, such as the poly acene 
ingredient containing the baking object of various kinds of granules, a microsphere, a plateHike 
object, microfilament, the carbon material of the configuration of a whisker, phenol resin, acrylonitrile 
resin, and furfuryl alcohol resin and a hydrogen atom, etc. can be mentioned. Furthermore, as an 
example as an electric conduction agent, carbon materials, such as carbon black, such as graphite, 
such as artificial graphites, such as elevated-temperature baking objects, such as natural graphites, 
such as flaky graphite, a scale-like graphite, and an earthy graphite, petroleum coke, coal corks, 
celluloses, a saccharide, and a mesophase pitch, and a vapor growth graphite, acetylene black, 
furnace black, KETCHIEN black, channel black, lamp black, and thermal black, an asphalt pitch, a coal 
tar, activated carbon, a meso fuze pitch, and the poly acene, are desirable. These may be used 
independently and may be used as mixture. 

[0021] Especially, the baking object of a carbon material given in JP,5~182664,A, various kinds of 
granules, a microsphere, a plate-like object, fiber, the carbon material of the configuration of a 
whisker and a mesophase pitch, phenol resin, and acrylonitrile resin and the poly acene ingredient 
which contains a hydrogen atom further are desirable, inside — a scale-like natural graphite — a 
mixture — it is desirable in order to strengthen the film. 5 - 1 900 % of the weight of a mixing ratio is 
desirable to a silicon compound. Especially, 20 - 500 % of the weight is desirable. Furthermore, 30 - 
400 % of the weight is desirable. Carbonaceous other metals can be used as an electric conduction 
agent, nickel, Cu, Ag, and Fe are desirable. 

[0022] When the ratio of the lithium which can carry out insertion emission, and a silicon atom is 
expressed with LixSi as charge-and-discharge range of a silicon compound negative-electrode 
ingredient x=0-4.2 are desirable. As a result of considering cycle-life amelioration of silicon 
wholeheartedly, when stopped in the range of x=0-3.7, the cycle life found out improving greatly. In 
x= 3.7, it was about 0.05V to being [ as opposed to / at charge potential / a lithium meta! counter 
electrode ] 0.0V in x= 4.2 including an overvoltage. at this time, the configuration of a discharge 
curve changes and a flat discharge curve is obtained to the 0.5V (body lithium metal) neighborhood 
by the 0.0V charge clinch — receiving — more than 0.05V — especially — more than 0.08V (x= 3.6) 
about 0.4 the gently-sloping curve which has an average electrical potential difference in V is 
obtained. That is, having found out the phenomenon which the direction which raised the charge 
beginning-and-the-end electrical potential difference found out the specific phenomenon in which 
discharge potential fell, and the reversibility of a charge-and-discharge reaction also went up is 
shown. 

[0023] although the approach with the effectiveness of improving a cycle life has been described 
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separately, maintaining the high capacity of a silicon compound — a still more desirable mode — 
each above-mentioned approach — constructing — ****** — it found out acquiring the still higher 
amelioration effectiveness by things. In this invention, the compound which can carry out insertion 
emission of the lithiums, such as the carbonaceous ingredient which are other negative-electrode 
ingredients, an oxide ingredient, a nitride ingredient, a sulfide ingredient, a lithium metal, and a lithium 
alloy, to the silicon compound of this invention as a negative-electrode ingredient is combinable. 
[0024] The positive-electrode ingredient used by this invention is a lithium content 
transition-metals multiple oxide which consists of the layer structure of the alpha-NaFe02 mold 
containing one or more sorts of metals chosen from Co, nickel, Mn, and Fe, or the layer structure of 
a spinel mold, the presentation of positive active material desirable also in this — Lix M1-y Dy Ob-a 
Xa (M — nickel or Co — it is — D — Mn — ) Cr, Fe, Co, Cu, Zn, Mo, Ag, W. B, aluminum, Ga, One or 
more sorts of elements chosen from In, Sn, Pb, Sb, and P and X are halogens. It is the lithium 
content cobalt multiple oxide or lithium content nickel multiple oxide shown with the presentation of 
0.2< x<=1.2, 0<=y<=0.5, 1.8<=b<=2.3, and 0<=a<=1.0. one especially desirable also in this — Lix 
nickel 1-y Dy Ob-a Xa (D — Mn — ) Cr. Fe, Co, Cu, Zn, Mo, Ag. W. B. aluminum. Ga, One or more 
sorts of elements chosen from In, Sn, Pb, Sb, and P and X are halogens, and are 0.2< x<=1.2, 
0.1<=y<=0.5, 1.8<=b<=2.3, and a lithium content nickel multiple oxide shown with the presentation of 
0<=a<=1.0. Moreover, the presentation of other desirable positive active material is LixMn2-y Dy 
Ob-a Xa (it CKs) D). Fe, Co, Cu, Zn. Mo, Ag, W. B, aluminum, Ga, In, One or more sorts of elements 
chosen from Sn, Pb, Sb. and P and X are halogens, and are the lithium content manganese multiple 
oxide of 0.05< x<=1.2, 0<=y<=0.5, 3.5<=b<=4.5. and the Spinel structure mold shown with the 
presentation of 0<=a<=1.0. In the above-mentioned positive-active-material general formula, D is 
one or more sorts of the metals or metalloid element which permutes the transition element (Co, 
nickel, Mn) of a central metal, or a part of Li, and is elements contributed to amelioration of cell 
engine performance, such as an increment in a discharge average electrical potential difference, and 
an improvement of a cycle life, in the charge/discharge capability ability of a positive electrode. As 
positive active material being concrete, Lix Co02 and Lix Ni02, Lix Mn02, Lix Co 1-y Niy 02. and Lix 
Co1-y Vy Oz, Lix Co1-y Fey 02, Lix Mn 204, and Lix Mn2-y Coy 04. Lix Mn2-y Niy 04, Lix Mn2-y 
Vy 04, Lix Mn2-y Fey 04. etc. are raised (it is x=0.2~1.2, y = 0.1 to 0.9, and z=2.01-2.3 here). As an 
example of a desirable presentation, especially Lix nickel1-y Coy 02, Lix nickel1-y Aly 02 and Lix 
nickel1-y Coy 02-b Fb, Lix nickel1-y By 02, Lix Mn 204, Lix Mn2-y Aly 04. Lix Mn2-y Coy 04, and 
Lix Mn2-y Fey 04 (x=0.2-1.2, y= 0.1 to 0.3, b=0-0.3) are raised. The value of x is a value before 
charge-and-discharge initiation, and is fluctuated across the above-mentioned range here by charge 
and discharge. 

[0025] Below, each of nickel system oxide preferably used as positive active material and Mn 
system oxide is explained. The desirable presentation of the positive active material of nickel oxide 
system is shown by Lix nickell-y Dy Ob~a Xa. What can be used as D is one or more sorts of 
elements usually chosen from the element of the 13th group of a periodic table, and the 14th group, 
and a transition-metals element here, and D is one or more sorts of elements chosen from Co, Cr, 
Fe, Cu, Zn, Mo, Ag, W, B, aluminum, Ga, In. Sn. Pb, Sb, and P preferably. X is a halogen. The amount 
under presentation of these elements is the range of 0.2< x<=1.2. 0.1<=y<=0.5, 1.8<=b<=2.3, and 0 
<=a<=1 °**- Among these, one of the desirable presentations is shown by the presentation of Lix 
nicked -y My Ob (one or more sorts of elements with which M is chosen from Mn, Cr, Fe, Co, Cu, Zn, 
Mo, Ag, W, B, aluminum, Ga, In, Sn, Pb, Sb, and P. 0.2< x<=1.2. 0.1<=y<=0.5, 1 .8<=b<=2.3). Moreover, 
other desirable presentations of nickel oxide system positive active material the presentation by 
which the fluorine was permuted as X — it is — Lix nickel 1-y My Ob-a Fa (M — Mn — ) It is shown 
by the presentation of one or more sorts of elements chosen from Cr. Fe, Co, Cu, Zn, Mo. Ag, W B 
aluminum, Ga. In. Sn. Pb. Sb. and P. 0.2< x<=1.2, 0.1<=y<=0.5. 1.8<=b<=2.3. and 0< a<='l.O. Especially 
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a desirable thing as a presentation of the positive active material of this invention It is the structure 
which contains cobalt effective in improvement in discharge potential as M, and contains the group 
M of the still more effective element as a structure reinforcement element. Lix nickel 1-y-z Coy Mz 
Ob-a Fa (M) Mn f Cr, Fe, Cu f Zn, Mo, Ag, W, B, aluminum, Ga f They are one or more sorts of elements 
chosen from In, Sn, Pb, Sb, and P, 0.2< x<=1.2, 0.05<=y<=0.5, 0.01<=z<=0.3, 0<=a<=1.0, and the nickel 
content lithium multiple oxide shown with the presentation of 1.8<=b<=2.3. 

[0026] One desirable as positive-active-material positive active material of Mn system is A[B-2] 
04. LiMn 204 with the Spinel structure of a mold It is a system oxide, the oxide of this system — 
LiMn 204 others — for example, general formula Li 1+x The compound of the structure which 
includes a defect with nonstoichiometric composition as shown by [Mn2-y] 04 (0< x<1.7, 0<=y<0.7) 
is also contained. As this example, it is Li1/Li [3 Mn5/3] 04 by Li4 Mn 5012 or Spinel structure 
display. It is mentioned. Other desirable examples are general formulas Li 1-x. [Mn2-y] It is shown 
by 04 (0< x<1.0, 0<=y<0.5). It is Li 1-x by Li2 Mn 501 1 or the Spinel structure display which is not 
the stoichiometric shown, for example in JP.4-2401 17,A as this example and which is a spinel 
compound. [Mn2-y] 04 (x= 0.273, y= 0.182) is mentioned. Moreover, other desirable structures are 
general formulas Li 1-x. [Mn2-y] It is shown by 04 (0< x<=0.20, 0< y<0.4), for example, is U2 Mn 
409. It is mentioned. Mn system multiple oxide of the presentation which used the metals or 
half-**** cations other than Mn as other elements, and dissolution-ized them for the purpose of a 
cycle engine-performance improvement as well as nickel system oxide is desirable. As other 
elements, trivalent metallic elements, such as Co, aluminum, Cr, and Fe, are the most desirable, and 
the example of the active material presentation containing these is indicated by JP,9-245896,A. 
[0027] LiNi02 of the above-mentioned other metallic element addition mold Or LiMn 204 Although 
the compound which is nickel or Mn raw material, and the compound (an oxide or salt) which 
contains the various metals added, respectively in addition to Li compound which is Li raw material 
are used for a raw material and it is compounded by heat-treatment In order to use various metallic 
compounds, it is usually difficult to generate the last active material by the high grade, and easy to 
mix different-species elements originating in these metallic-compounds raw materials, such as Na, 
K, Mg, calcium, aluminum, sulfur, and Cu, Fe, Si, in positive active material as an impurity. These 
impurities may cause degradation of the cycle life of a cell, and aggravation of elevated-temperature 
shelf life under the effect of being eluted into nonaqueous electrolyte etc. into charge and discharge. 
Therefore, it is desirable when reducing these impurities below on fixed level attains stabilization of 
the engine performance. 

[0028] this invention person discovered that the preservation property of a cell could be raised 
especially about an alkaline earth metal and sulfur among the above-mentioned impurity elements by 
restricting the level to mix within the amount of conventions. That is, in the active material which 
these elements contain in coincidence as an impurity, for example, acidity falls locally on the active 
material front face which touches the electrolytic solution, and the problem that a metallic element 
is eluted in the electrolytic solution and causes engine-performance change of a positive electrode 
or a negative electrode arises. In the situation that moisture exists in an active material or the 
electrolytic solution, especially this phenomenon poses a big problem in order to accelerate an 
acidity fall. Specifically, it is effective in improvement in a preservation property and a cycle life that 
the content of 0.1 or less % of the weight and sulfur is [ 0.1 or less % of the weight and water 
content ] 0.5 or less for the content of the alkaline earth element in positive active material. By 
improvement in the engine performance, the content of an alkaline earth element is [ the content of 
0.04 or less % of the weight and sulfur ] below 0.04% weight, and an effective content has 0.2 or less 
% of the weight of water content. Furthermore, as for effectiveness, it is more large that the content 
of 0.02 or less % of the weight and sulfur is [ below 0.02% weight and water content ] 0.1 or less % of 
the weight for the content of an alkaline earth element. A sulphuric content has [ the content of an 



2 



8/12/2005 12:09 PM 



1-3541 18.A [DETAILED DESCRIPTION] http://www4.ipdI.ncipi.go 

alkaline earth element / 0.1 or less % of the weight of conditions ] 80 ppm or less (0.008% or less) 
and the water content most desirable by weight 0.02 or less % of the weight. 

[0029] Because of the improvement in the cell engine performance in the alkaline earth element said 
by this invention, it is magnesium (Mg), calcium (calcium), strontium (Sr), and barium (Ba) that have 
important management of a content, and things important especially are magnesium (Mg), calcium 
(calcium), and barium (Ba), and especially calcium (calcium) is important for them. 
[0030] Moreover, sulfur is mixed as an impurity in many cases from the sulfuric-acid root (S04) 
contained in the raw material for baking, that the content is 0.1% or less has effectiveness in 
shelf-life amelioration, and, as for effectiveness, it is large preferably that it is 0.02% or less still 
more preferably 0.04% or less. The sulfur content of effectiveness being in engine-performance 
amelioration most is 80 ppm or less. 

[0031] Composition of the multiple oxide for the positive electrodes of this invention is represented 
by B, aluminum, Cr, Sn, Si, Fe, Ti, etc. if needed [ the metallic compounds and if needed ] which are 
the lithium compound which is a lithium raw material, Co and nickel, or the raw material of Mn, and 
also it mixes the compound containing Element D, and is performed by the chemical reaction by the 
solution condition represented by baking of the raw material powder in elevated-temperature 
dryness, or the sol-gel method. As a lithium raw material, LiOH, Li2 C03, Li2 O, LiN03 f U2 S04, 
LiHC03 f Li (CH3 COO), alkyl lithium, etc. are used. In nickel raw material NiO, NiC03, nickel (N03)2, 
nickel powder, NiCI2, NiS04, nickel3 2 (P04), nickel (CH3 COO)2, nickel (OH)2, NiOOH, nickel 
alkoxide, etc. are useful. As a raw material of the other elements M, moreover, Co 203 and Co 304, 
CoC03 t Co (N03)2, CoCI2, and MnC03, MnO — two — Mn — (— NO — ) — three — B-2 — O — 
three — B (— OH — ) — three — aluminum — two — O — three — aluminum (N03) — three 
— aluminum (OH)3, Sn02, SnO, SnCI2, Sn alkoxide, Si02, SiO, alkoxysilane, Fe 203, and FeCI3, 
FeOOH, Fe(N03) 3, Ti02, Ge02, and Zr02, Nd 203, La 203, La 203, and Zn (N03)2, W03, Ga 
(N03)2, CuO, V2 05, Sm 203, Y2 03, AIF3. LiF, LaF3, SnF2, Li3 P04, and AIP04 etc. — it can use. 
It mixes with solid-state powder, and mixing of these raw materials of ** is good, melts two or more 
raw materials to a solvent, considers as a mixed solution, makes this the shape of desiccation 
solidification or a slurry, and is good also as mixture. When compounding by baking, it is 600 to 900 
degrees C in temperature preferably from 400 degrees C 1000 degrees C, and compounds by the 
bottom of oxygen existence or oxygen tension being desirable 0.2 or more atmospheric pressures, 
and oxygen tension making the powder of the above-mentioned raw material, or slurry-like mixture 
react from 4 hours under 0.5 or more ambient atmospheres for 48 hours. Baking changes the bottom 
of this condition, or conditions if needed, and is performed repeatedly two or more times. Raw 
material mixture may use what filled up the pellet type with beforehand and was cast, the approach 
of baking — for example, JP,62-264560,A and JP,2-40861,A — said — 6-267538 — said — powder 
alligation given in 6-231767 — JP,4-237953,A — said — 5-325966 — said — solution alligation 
given in 6-203834 — the synthesis method by coprecipitation given in JP.63-21 1565,A, and 
JP,5-198301,A said — the approach of performing quenching of the baking object of a publication 
to 5-205741 — JP,5-283076,A — said — the baking approach by pellet molding given in 6-310145 

How to calcinate it in the state of melting, using a LiOH hydrate given in JP ( 5-325969,A as a raw 
material, The approach of compounding under oxygen tension control of a publication to 
JP,6-60887,A, the fluorine doping method given in JP,6-243871,A, the approach of compounding the 
active material with which the presentations of the interior of the particle of a publication and a 
front face differ in JP,8-138670,A, etc. are effective. 

[0032] In the case of nickel oxide or Mn oxide, the particle of positive active material is desirable at 
the point that having the configuration of the aggregated particle which a primary particle comes to 
condense improves a cycle life and shelf life. The particle size of an aggregated particle is [ the 
particle size of 1-30 micrometers and a primary particle ] 0.01 or more micrometers [ 1 ] or less, 
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and the particle size of an aggregated particle is [ the particle size of 3-20 micrometers and a 
primary particle of a desirable particle size at this time ] 0.05-0.5 micrometers still more preferably. 
An aggregated particle means the particle which a minute primary particle condenses and is made 
here, and it is equivalent to the grain size usually measured by laser dispersion type 
particle-size-distribution measurement etc., and equivalent to the grain size usually defined. As for 
especially the configuration of a particle, it is desirable that an aggregated particle is spherical. 
Moreover, it is desirable that the front face of an aggregated particle is porosity. 
[0033] The specific surface area of positive active material corresponds to the above-mentioned 
shape of particle, it is desirable that it is the range of 0.1-10m2 / g in measurement by the BET 
adsorption method, and it is more desirable that it is the range of 0.3-3m2 / g. 

[0034] Although amorphous structure is included on the interior or the front face of a particle even 
if the positive-active-material particle used by this invention is crystallinity, it is desirable that it is 
crystallinity. 

[0035] If the electric conduction agent used for the mixture of this invention is an electronic 
conduction nature ingredient which does not cause a chemical change in the constituted cell, it is 
good anything. As an example, natural graphites, such as flaky graphite, a scale-like graphite, and an 
earthy graphite, petroleum coke, Elevated-temperature baking objects, such as coal corks, 
celluloses, a saccharide, and a mesophase pitch. Graphite, such as artificial graphites, such as a 
vapor growth graphite, acetylene black, Furnace black, KETCHIEN black, channel black, lamp black. 
Carbon black, such as thermal black, an asphalt pitch, a coal tar, Conductive metallic oxide, such as 
conductive whiskers, such as metal powders, such as conductive fiber, such as carbon materials, 
such as activated carbon, a meso fuze pitch, and the poly acene, and a metal fiber, copper, nickel, 
aluminum, and silver, a zinc oxide, and potassium titanate, and titanium oxide, etc. can be mentioned. 
It is desirable when an aspect ratio uses five or more plate-like things in a graphite. In these, 
graphite and carbon black are desirable, the magnitude of a particle has 0.01 micrometers or more 
and desirable 20 micrometers or less, and its particle (0.02 micrometers or more and 10 micrometers 
or less) is more desirable. These may be used independently and may use two or more sorts 
together. It is desirable when using together, and a 1-15-micrometer graphite particle is used 
together with carbon black, such as acetylene black. As for the addition to the binder layer of an 
electric conduction agent, it is desirable that it is 1 - 50 % of the weight to a negative-electrode 
ingredient or a positive-electrode ingredient, and it is especially desirable that it is 2 - 30 % of the 
weight. In carbon black or graphite, it is desirable that it is especially 3 - 20 % of the weight. 
[0036] this invention — an electrode — a binder is used in order to hold a mixture. As an example 
of a binder, the polymer which has polysaccharide, thermoplastics, and rubber elasticity is 
mentioned. As a desirable binder, starch, a carboxymethyl cellulose, A cellulose, diacetyl cellulose, 
methyl cellulose, hydroxyethyl cellulose, Hydroxypropylcellulose, alginic-acid Na, polyacrylic acid, 
Polyacrylic acid Na, a polyvinyl phenol, polyvinyl methyl ether. Polyvinyl alcohol, a polyvinyl 
pyrrolidone. polyacrylamide. Water-soluble polymers, such as PORIHIDOROKISHI (meta) acrylate 
and a styrene maleic-acid copolymer. Polyvinyl chloride, poly tetrapod FURURORO ethylene, 
polyvinylidene fluoride, A tetra-FURORO ethylene-hexa FURORO propylene copolymer, a vinylidene 
fluoride-tetra-FURORO ethylene-hexa FURORO propylene copolymer, Polyethylene, polypropylene, 
an ethylene-propylene-diene terpolymer (EPDM), Sulfonation EPDM, polyvinyl-acetal resin, a 
methylmetaacrylate. The acrylic ester (meta) copolymer containing acrylic ester (meta), such as 
2-ethylhexyl acrylate. The polyvinyl ester copolymer containing vinyl ester, such as an acrylic 
ester-acrylonitrile copolymer and vinyl acetate, (Meta) A styrene-butadiene copolymer, an 
acrylonitrile-butadiene copolymer. Polybutadiene, neoprene rubber, a fluororubber, polyethylene 
oxide, An emulsion (latex) or suspension, such as polyester polyurethane resin, polyether 
polyurethane resin, polycarbonate polyurethane resin, polyester resin, phenol resin, and an epoxy 
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resin, can be mentioned. The latex of a polyacrylic ester system, a carboxymethyl cellulose, 
polytetrafluoroethylene, and polyvinylidene fluoride are mentioned especially. As for these binders, it 
is more desirable to use that whose average size of a particle is 0.01-5 micrometers, and it is 
desirable especially to use what is 0.05-1 micrometer, these binders are independent — or it can 
mix and use. if there are few additions of a binder — an electrode — the holding power and 
cohesive force of a mixture are weak. If many [ too ], the electrode volume will increase and 
electrode unit volume or the capacity per unit weight will decrease. The addition of a binder has 1 - 
30 desirable % of the weight at such a reason, and 2 - 10 % of the weight is especially desirable. 
[0037] In the constituted cell, a bulking agent can be used anything, if it is the fibrous ingredient 
which does not cause a chemical change. Usually, fiber, such as olefin system polymers, such as 
polypropylene and polyethylene, glass, and carbon, is used. Although especially the addition of a filler 
is not limited, 0 - 30 % of the weight is desirable. The object known as an inorganic and organic solid 
electrolyte can be used for an ion electric conduction agent, and it is indicated by the term of the 
electrolytic solution for details. A pressure enhancement agent is a compound which raises the 
internal pressure of a cell, and carbonates, such as a lithium carbonate, are the examples of 
representation. 

[0038] The positive electrodes of the charge collector which can be used by this invention are 
aluminum, stainless steel, nickel, titanium, or these alloys, and negative electrodes are copper, 
stainless steel, nickel, titanium, or these alloys. The gestalt of a charge collector is a foil, an 
expanded metal, a punching metal, or a wire gauze. Especially, to a positive electrode, copper foil is [ 
aluminium foil and a negative electrode ] desirable. As thickness of a foil, 7 micrometers - 100 
micrometers are 7 micrometers - 50 micrometers desirable still more preferably, and it is 7 
micrometers - 20 micrometers especially preferably. As thickness of an expanded metal, a punching 
metal, and a wire gauze, 7 micrometers - 200 micrometers are 7 micrometers - 150 micrometers 
desirable still more preferably, and it is 7 micrometers - 100 micrometers especially preferably. As 
purity of a charge collector, 98% or more is 99% or more desirable still more preferably, and is 99.3% 
or more especially preferably. An acid, alkali, an organic solvent, etc. may wash the front face of a 
charge collector. 

[0039] Next, the configuration of the forward negative electrode in this invention is explained the 
forward negative electrode — both sides of a charge collector — an electrode — it is desirable that 
it is the gestalt which applied the mixture. In this case, even if the number of layers per one side is 
one layer, it may consist of more than two-layer. When the number of the layers per one side is two 
or more, a positive-active-material (or negative-electrode ingredient) content layer may be more 
than two-layer. A more desirable configuration is the case where it consists of a layer containing 
positive active material (or negative-electrode ingredient), and a layer which does not contain 
positive active material (or negative-electrode ingredient). There are an interlayer between the 
protective layer for protecting the layer containing positive active material (or negative-electrode 
ingredient) and the divided positive-active-material (or negative-electrode ingredient) content layer, 
an under coat between a positive-active-material (or negative-electrode ingredient) content layer 
and a charge collector, etc. in the layer which does not contain positive active material (or 
negative-electrode ingredient), and these are named generically in this invention and it is called an 
auxiliary layer. 

[0040] As for a protective layer, it is desirable that it is in either both forward negative electrodes or 
the forward negative electrode. In a negative electrode, when inserting a lithium in a 
negative-electrode ingredient within a cell, as for a negative electrode, it is desirable that it is the 
gestalt which has a protective layer. A protective layer consists of at least one layer, and may be 
constituted by congener or two or more layers of a different kind. Moreover, you may be the gestalt 
which has a protective layer only on one side of the binder layers of both sides of a charge 
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collector. These protective layers consist of particles, binders, etc. of water-insoluble nature, a 
binder — the above-mentioned electrode — the binder used in case a mixture is formed can be 
used. As a particle of water-insoluble nature, a various conductive particle and the organic and 
inorganic particle which does not have conductivity substantially can be used. The solubility to the 
water of a water-insoluble nature particle is 100PPM. The following and a desirable insoluble thing 
are desirable. The rate of the particle contained in a protective layer has 2.5 % of the weight or more 
and 96 desirable % of the weight or less, 5 % of the weight or more and its 95 % of the weight or less 
are more desirable, and 10 % of the weight or more and especially its 93 % of the weight or less are 
desirable. 

[0041] As a conductive particle of water-insoluble nature, carbon particles, such as a metal, a 
metallic oxide, a metal fiber, a carbon fiber, carbon black, and a graphite, can be mentioned. In these 
water-insoluble conductive particles, what has low reactivity with alkali metal, especially a lithium is 
desirable, and metal powder and a carbon particle are more desirable. As electrical resistivity in 20 
degrees C of the element which constitutes a particle, it is 5x109. Below omega-m is desirable. 
[0042] As metal powder, a metal with low reactivity with a lithium, i.e., the metal which cannot make 
a lithium alloy easily, is desirable, and, specifically, copper, nickel, iron, chromium, molybdenum, 
titanium, a tungsten, and a tantalum are desirable. A needle, a column, tabular, and massive any are 
sufficient as the form of such metal powder, 0.02 micrometers or more and 20 micrometers or less 
have a desirable overall diameter, and it is more desirable. [ of 0.1 micrometers or more and 10 
micrometers or less ] That [ its ] to which the front face has not oxidized too much is desirable, and 
when having oxidized, as for such metal powder, heat-treating by reducing atmosphere is desirable. 
[0043] The well-known carbon material used as an electrical conducting material used together as a 
carbon particle when an electrode active material is not conductivity conventionally can be used, 
concrete an electrode — the electric conduction agent used in case a mixture is made is used. 
[0044] As a water-insoluble nature particle which does not have conductivity substantially, the 
impalpable powder of Teflon, SiC, alumimium nitride, an alumina, a zirconia, a magnesia, a mullite, 
forsterite, and a steatite can be mentioned. When these particles may be used together with a 
conductive particle and used by 0.01 or more times of a conductive particle, and 10 or less times, 
they are desirable. 

[0045] A forward (negative) electrode sheet can be created by applying, drying and compressing the 
mixture of a forward (negative) pole on a charge collector. Positive active material (or 
negative-electrode ingredient) and an electric conduction agent are mixed, a binder (the suspension 
of resin fine particles or emulsion-like thing) and a dispersion medium are added, kneading mixing is 
carried out, succeedingly, it can distribute by stirring mixers, such as a mixer, a homogenizer, a 
dissolver, a planetary mixer, a paint shaker, and a sand mill, and the disperser, and preparation of a 
mixture can be performed. Water is desirable although water or an organic solvent is used as a 
dispersion medium. In addition, additives, such as a bulking agent an ion electric conduction agent 
and a pressure enhancement agent, may be added suitably. As for pH of dispersion liquid, in a 
negative electrode, 7-12 are desirable at 5-10, and a positive electrode. 

[0046] Although spreading can be performed by various approaches, the reverse roll method, the 
direct rolling method, the blade method, the knife method, the extrusion method, a slide agglutination 
test, the curtain method, the gravure method, the bar method, a dip method, and the squeeze 
method can be mentioned, for example. The approach using an extrusion die and especially the 
approach using a slide coating machine are desirable. As for spreading, it is desirable to carry out 
the rate for 0.1 -100m/. under the present circumstances, a mixture — according to the liquid 
nature of a paste, and drying, the surface state of a good spreading layer can be acquired by 
selecting the above-mentioned method of application. It is desirable from viewpoints, such as 
manufacture of a uniform electrode, and a manufacturing cost, to apply two or more of those layers 
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to coincidence, when electrode layers are two or more layers. The thickness, die length, and width of 
the spreading layer are decided with the magnitude of a cell. The thickness of a typical spreading 
layer is 10-1000 micrometers in the condition of having been compressed after desiccation. The 
electrode sheet after spreading is dried and dehydrated by hot blast, a vacuum, infrared radiation, 
far infrared rays, an electron ray, and the operation of the damp style, these approaches are 
independent — or it can combine and use. The range of drying temperature of 80-350 degrees C is 
desirable, and its range which is 100-260 degrees C is especially desirable. The moisture content 
after desiccation has desirable 2000 ppm or less, and its 500 ppm or less are more desirable. 
Although compression of an electrode sheet can use the press approach generally adopted, a 
die-press method and its calender pressing method are especially desirable. Especially press ** is 
10kg/cm2 - 3 t/cm2, although not limited. It is desirable. The pressing speed of the calender 
pressing method has the amount of desirable 0.1 -50m/. Press temperature has desirable room 
temperature -200 degree C. 

[0047] The separator which can be used by this invention has large ion transmittance, and it has a 
predetermined mechanical strength, and that what is necessary is just an insulating thin film, as the 
quality of the material, an olefin system polymer, a fluorine system polymer, a cellulose system 
polymer, polyimide, nylon, a glass fiber, and an alumina fiber are used, and a nonwoven fabric, textile 
fabrics, and a microporous film are used as a gestalt. Especially, as the quality of the material, the 
mixture of polypropylene, polyethylene, polypropylene, the mixture of polyethylene and 
polypropylene, and Teflon and the mixture of polyethylene and Teflon are desirable, and what is a 
microporous film as a gestalt is desirable. Especially, the microporous film whose aperture is 0.01-1 
micrometer and whose thickness is 5-50 micrometers is desirable. Even if these microporous films 
are independent film, they may be complex films which consist of more than two-layer [ from which 
properties, such as a configuration, a consistency, etc. of a fine hole, and the quality of the material, 
differ]. For example, the complex film which made the polyethylene film and the polypropylene film 
rival can be mentioned. 

[0048] Generally the electrolytic solution consists of a supporting electrolyte and a solvent. As for 
the supporting electrolyte in a lithium secondary battery, lithium salt is mainly used. As lithium salt 
which can be used by this invention, for example LiCI04, LiBF4, LiPF6, LiCF3 C02, and LiAsF6, 
LiSbF6, IJB10CI10, the fluorosulfonic acid expressed with LiOS02 Cn F2n+1 (n is six or less positive 
integer), the imide salt (m — ) expressed with LiN (S02 Cn F2n+1) (S02 CmF2m+1) the methide salt 
(p ) as which n is expressed in six or less positive integer and LiC (S02 Cp F2p*1) (S02CqF2q+1) 
(S02 Cr F2r+1), respectively q and r, respectively Six or less positive integer, a low-grade 
aliphatic-carboxylic-acid lithium, Li salts, such as LiAICI4 t LiCI, LiBr, Lil, a chloro borane lithium, and 
4 phenyl lithium borate, can be raised, and these kinds or two sorts or more can be mixed and used. 
It is LJBF4 especially. And/or LiPF6 What was dissolved is desirable. Although especially the 
concentration of a supporting electrolyte is not limited, its 0.2-3 mols per 11. of electrolytic solutions 
are desirable. 

[0049] As a solvent which can be used by this invention, propylene carbonate, ethylene carbonate, 
Butylene carbonate, chloroethylene carbonate, carbonic acid trifluoro methyl ethylene, Carbonic acid 
difluoro methyl ethylene, carbonic acid mono-fluoro methyl ethylene, 6 methyl-fluoride acetate, 3 
methyl-fluoride acetate, dimethyl carbonate, Diethyl carbonate, methylethyl carbonate, 
gamma-butyrolactone, Methyl formate, methyl acetate, 1, 2-dimethoxyethane, a tetrahydrofuran, 

2- methyl tetrahydrofuran, dimethyl sulfoxide, 1, 3-dioxolane, The 2 and 2-screw (trifluoromethyl) -1, 

3- dioxolane, a formamide, Dimethylformamide, dioxolane, dioxane, an acetonitrile, Nitromethane, 
ethyl mono-glyme, trialkyl phosphate, boric-acid triester, Trimethoxy methane, a dioxolane 
derivative, a sulfolane, 3-methyl-2-oxazolidinone, 3-alkyl sydnone (an alkyl group is propyl, 
isopropyl, butyl, etc.), Aprotic organic solvents, such as propylene carbonate derivative, 
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tetrahydrofuran derivative, ethyl ether, 1, and 3-propane ape ton, can be mentioned, and these kinds 
or two sorts or more are mixed and used. In these, the solvent of a carbonate system is desirable 
and it is desirable especially to mix and use annular carbonate and un-annular carbonate. As annular 
carbonate, ethylene carbonate and propylene carbonate are desirable, moreover — as un-annular 
carbonate — diethyl carbonate, dimethyl carbonate, and methylethyl carbonate — ** — it is 
desirable, the electrolytic solution which mixed suitably ethylene carbonate, propylene carbonate, 1 , 
2-dimethoxyethane, dimethyl carbonate, or diethyl carbonate as the electrolytic solution which can 
be used by this invention — UCF3 — S03, LiCI04, LiBF4, and/or LiPF6 The included electrolytic 
solution is desirable. To one [ at least ] mixed solvent of propylene carbonate, at least one side of 
ethylene carbonate and dimethyl carbonate, or diethyl carbonate, they are LiCF3 S03, UCI04, or 
LiBF4 especially. At least a kind of salt and LiPF6 which were chosen from inside The included 
electrolytic solution is desirable. Especially the amount that adds these electrolytic solutions in a 
cell is not limited, but can be used according to the amount of a positive-electrode ingredient or a 
negative-electrode ingredient, or the size of a cell. 

[0050] Moreover, the following solid electrolytes can also be used together besides the electrolytic 
solution. It is divided into an inorganic solid electrolyte and an organic solid electrolyte as a solid 
electrolyte. The nitride of Li, the halogenide, the oxygen acid salt, etc. are well known by the 
inorganic solid electrolyte. Especially, Li3 N, Lil, Li5 NI2, Li3 N-Lil-LiOH, Li4 Si04, Li4 
Si04-LiI-LiOH, xLi3 P04-(1-x) Li4 Si04, Li2 SiS3, a phosphorus sulfide compound, etc. are 
effective. 

[0051] The macromolecule matrix material which made the polymer which contains the polymer, the 
polypropylene oxide derivative, or this derivative containing a polyethylene oxide derivative or this 
derivative in an organic solid electrolyte, the polymer containing an ionic dissociation radical, the 
polymer containing an ionic dissociation radical, the mixture of the above-mentioned aprotic 
electrolytic solution and a phosphoric ester polymer, and the aprotic polar solvent contain is 
effective. Furthermore, there is also the approach of adding a polyacrylonitrile to the electrolytic 
solution. Moreover, how to use inorganic and an organic solid electrolyte together is also learned. 
[0052] Moreover, other compounds may be added to an electrolyte in order to improve discharge 
and a charge-and-discharge property. For example, a pyridine, pyrroline, a pyrrole, a triphenylamine, 
a phenyl carbazole, A triethyl FOSU fight, triethanolamine, cyclic ether, Ethylenediamine, n-glyme, 
hexalin acid TORIAMIDO, a nitrobenzene derivative, Sulfur, a quinonimine dye, N-permutation 
oxazolidinone, and N and N-permutation imidalidinone, Ethylene glycol dialkyl ether, quarternary 
ammonium salt, a polyethylene glycol, A pyrrole, 2-methoxyethanol, AICI3, the monomer of a 
conductive polymer electrode active material, The triethylenephosphoramide, trialkylphosphine, a 
morpholine, The crown ether like an aryl compound with a carbonyl group and 12-crown -4, 
hexamethylphosphoric triamide and 4-alkyl morpholine, the bicyclic third class amine, oil, the fourth 
class phosphonium salt, the third class sulfonium salt, etc. can be mentioned. Especially a desirable 
thing is independent or the case where it combined and uses, about a triphenylamine and a phenyl 
carbazole. 

[0053] Moreover, in order to make the electrolytic solution into incombustibility, a 
halogen-containing solvent, for example, a carbon tetrachloride, and a 3 fluoridation ethylene 
chloride can be included in the electrolytic solution. Moreover, in order to give fitness to 
elevated-temperature preservation, carbon dioxide gas can be included in the electrolytic solution. 
[0054] As for the cell assembled as mentioned above, it is desirable to perform aging processing. 
There are pretreatment, activation, after treatment, etc. in aging processing, and the cell which was 
excellent in a high charge-and-discharge capacity and cycle nature by this can be manufactured. 
Pretreatment is processing for equalizing distribution of the lithium in an electrode, for example, 
combination of the arbitration of the temperature control for making dissolution control of a lithium 
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and distribution of a lithium into homogeneity, rocking and/or rotation processing, and charge and 
discharge is performed. Activation is processing for making a lithium insert to the negative electrode 
of a cell proper, and it is desirable to insert 50 - 120% of the amount of lithium insertion at the time 
of real use charge of a cell. After treatment is processing for fully carrying out activation, has this [ 
the preservation processing for making a cell reaction into homogeneity, and / for a judgment / 
charge-and-discharge processing ], and can be combined with arbitration. 

[0055] The desirable aging conditions before activation of this invention (pretreatment conditions) 
are as follows. 30 degrees C or more 70 degrees C or less of temperature are desirable, it is more 
desirable, and is still more desirable. [ of 40 degrees C or more 60 degrees C or less ] [ of 30 
degrees C or more 60 degrees C or less ] Moreover, as for open circuit voltage, less than [ more 
than 2.5V3.8V ] is desirable, less than [ more than 2.5V3.5V ] is more desirable, and less than [ more 
than 2.8V3.3V ] is still more desirable. An aging period will have 20 or less desirable days the 1st day 
or more, and will be desirable the 1st day or more. [ of especially 15 or less days ] As for the charge 
electrical potential difference of activation, more than 4.0V is desirable, less than [ more than 
4.05V4.3V ] is more desirable, and less than [ more than 4.1V4.2V ] is still more desirable. As aging 
conditions after activation, less than [ more than 3.9V4.3V ] has desirable open circuit voltage, 
especially less than [ more than 4.0V4.2V ] is desirable, 30 degrees C or more 70 degrees C or less 
of temperature are desirable, and it is desirable. [ of 40 degrees C or more especially 60 degrees C 
or less ] An aging period will have 20 or less desirable days the 0.2nd day or more, and will be 
desirable the 0.5th day or more. [ of especially five or less days ] 

[0056] The cell of this invention constructs two or more to a serial and/or juxtaposition if needed, 
and is contained by the cell pack. A safety circuit (circuit with the function which intercepts a 
current if it acts as the monitor of the electrical potential difference of each cell and/or the whole 
group cell, temperature, the current, etc. and is required) besides insurance components, such as a 
forward temperature coefficient resistor, a thermal fuse, a fuse, and/or a current cutoff component, 
may be prepared in a cell pack. Moreover, the positive electrode of each cell and a 
negative-electrode terminal, the whole group cell and the temperature detection terminal of each 
cell, the current detection terminal of the whole group cell. etc. can also be prepared in a cell pack 
as an external terminal in addition to the positive electrode of the whole group cell, and a 
negative-electrode terminal. Moreover, electrical-potential-difference conversion circuits (DC-DC 
converter etc.) may be built in a cell pack. Moreover, you may fix by welding a lead plate, and 
connection of each cell may be fixed so that it can detach and attach easily with a socket etc. 
Furthermore, display functions, such as cell remaining capacity, existence of charge, and a use 
count, may be prepared in a cell pack. 

[0057] The cell of this invention is used for various devices. It is desirable to be especially used for 
a video movie, a pocket mold videocassette recorder with a built-in monitor, a movie camera with a 
built-in monitor, a digital camera, a compact camera, a single-lens reflex camera, a disposable 
camera, a notebook sized personal computer, a note type word processor, an electronic notebook, a 
cellular phone, a cordless telephone, a mustached camber, a power tool, an electric mixer, an 
automobile, etc. 
[0058] 

[Example] Although an example is raised to below and this invention is explained in more detail, 
unless the main point of invention is exceeded, this invention is not limited to an example. 
• [0059] The solid-state compound which makes a subject various kinds of silicon shown below as an 
example 1 [preparation of negative-electrode ingredient] negative-electrode ingredient was used in 
the state of the powder ground mechanically. As a polycrystal silicon simple substance (compound 
-1) and an alloy compound of the following compounded metallurgically A Si-Ag alloy (compound-2 
weight ratio 40-60). Si-aluminum (compound-3 weight ratio 40-60). Si-Ag-Cd (compound-4 weight 
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ratio 40-50-10), Si-Zn (compound-5 weight 40-60). Si-Au (-six-fold compound quantitative ratio 
20-80), Si-Ag-In (compound-7 weight ratio 40-50-10), Si-germanium (compound-8 weight ratio 
40-60), Si-Ag-Sn (compound-9 weight ratio 40-50-10), The silicon which ground the silicon to 
which elution of the Li was carried out using isopropyl alcohol in argon gas, and was obtained from 
Si-Ag-Sb (compound-10 weight ratio 40-50-10) and Li4Si compounded metallurgically (compound 
-1 1), Si-Si02 (compound-12 weight ratio 90-10) which made fine particles the solid which mixed the 
colloidal silica particle with polycrystal silicon, and was heated and obtained at 1000 degrees C in 
the vibration mill in argon gas, Si-aluminum 203 (compound-13 weight ratio 90-10) obtained by the 
same approach, Si which carried out Ag plating as a compound plated with the electroless deposition 
method on the polycrystal silicon front face (weight ratio of compound-14 Si-Ag 40-60), The silicon 
which similarly carried out nickel plating (weight ratio of compound-15 Si-nickel 20-80), 30g of 
silicon was added in the silicon (weight ratio of compound-16 Si-Zn 70-30) which similarly carried 
out Zn plating, and the liquid which melted 3g of polyvinylidene fluorides to N-methyl pyrrolidone 
50g, after carrying out mixed kneading, it dried and the fine particles (compound -17) ground with 
the automatic mortar were used. The compound which furthermore covered Ag with the electroless 
deposition method for the compound -1 1 (weight ratio 65-35 of compound-18 Si-Ag), The 
compound which covered Ag with the electroless deposition method for the compound -12 (weight 
ratio 65-5-30 of compound-19 Si-Si02~Ag), The compound (weight ratio 80-10-10 of compound-20 
Si-Si02-polyvinylidene fluoride) similarly covered with polyvinylidene fluoride using the compound 
-12 was used. Each average grain size of the powder of the above-mentioned negative-electrode 
ingredient (compounds 1-20) was within the limits of 0.05-4 micrometers. Next, it is a 
N-methyl-2-pyrrolidone about Pori **-ized vinylidene lOg considering the fine particles which fully 
mixed the scale-like natural graphite of same weight with the above-mentioned silicon ingredient 
and were obtained as 1 90g and a binder. It distributed to 500ml, homogeneity mixing was carried out 
with the homogenizer, and the negative-electrode paste was created. 

[0060] [preparation of positive active material] — a basic presentation — LiNi0.8 Co 0.2O2 it is — 
positive active material (C-1) was compounded by various kinds of following approaches. As a Li raw 
material, as LiOH-H2 O (99.9% or more of purity), and a nickel raw material nickel(N03) 2 and 1.5H2 
O (99.9% or more of purity), The powder of Co (OH)2 (99.9% or more of purity) was fully mixed in the 
bottom mortar of dry air at a rate of a mole ratio 1:0.8:0.2 as a Co raw material, and after 
heat-treating at 180 degrees C under an oxygen ambient atmosphere for 2 hours, temporary baking 
was performed at 650 degrees C for 6 hours. The baking object was re-mixed, baking was performed 
at 850 more degrees C for 8 hours, it cooled slowly to the room temperature the rate for 
1-degree-C/, and the compound C-1 of the above-mentioned presentation was compounded. The 
obtained particle had a near form spherically, the mean particle diameter of a primary particle was 
0.1 micrometers, and the mean particle diameter of a secondary particle was 7 micrometers. 
Moreover, the specific surface area by the BET adsorption method was 1.7m2 / g. The peak ratio of 
the field (104)/(003) field acquired according to the X diffraction was 0.6, the lattice constant of an 
a-axis was 2.83 and the c-axis lattice constant was 13.89. Moreover, the active material of the 
same basic presentation was compounded, respectively, using the cobalt oxide (99.95% or more of 
purity) of nickeI(N03) 2 and 6H20 (99.9% or more of purity), and a high grade as nickel raw material 
and a Co raw material, and the compound C-2 was obtained. The result of having all dissolved these 
composts in the nitric-acid water solution, and having carried out the quantum of the impurity 
content of metals other than Li, Co, and nickel by the ICP method, About an alkaline earth element, 
the content of calcium (calcium) all 0.03 % of the weight, The content of magnesium (Mg) 0.02 or less 
% of the weight, strontium (Sr), It was confirmed that each content of barium (Ba) is 0.02 or less % of 
the weight, and it is 0.1% or less in the sum total content of an alkaline earth element, and a 
sulphuric content is 0.1% or less of level. Moreover, as a result of measuring the water content of 
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active material powder with the Karl Fischer's method, all checked that it was less than 5% of the 
weight of a level. 

[0061] the cobalt oxide of the batch ranked as low purity (99.5% or less of purity) the same [ as the 
nickel oxide (NiO etc.) of the batch ranked as low purity (99.5% or less of purity) as a nickel raw 
material and nickel nitrate, and a Co raw material ] as comparative experiments — respectively — 
using — a basic presentation — LiNi0.8 Co 0.2O2 it is — positive active material (a compound C-3, 
C-4) was compounded. As an analysis value was shown in the below-mentioned table 1, the active 
material of these comparisons was level on which both the content of an alkaline earth element, or 
both [ sulphuric / sulphuric either or ] exceeds 0.1 % of the weight, or was level on which the 
moisture content of active material powder exceeds 0.5%. 

[0062] As a Li raw material, as LJOH-H2 O and a nickel raw material In addition, nickel(N03) 2.6H20, 
In addition to Co(N03)2.6H20, the active material (C-5, C-6) of the following presentation was 
compounded as manganese nitrate and a boron raw material as aluminum (OH)3 and a Mn raw 
material as an aluminum raw material as a Co raw material, using LiF as boric acid and a fluorine raw 
material. As the purity of the alkaline earth element in these active materials and a sulphuric 
impurity element was shown in the next table 1, it checked that it was within the limits of this 
invention like above C-1 and C-2, and the content of calcium (calcium) was 0.05 or less % of the 
weight. 

LiNi0.8 Co 0.15B0.05O2.1 (compound C-5) 

LiNi0.8 Co0.15aluminum 0.05O1.9F0.1 (compound C-6) 

[0063] Moreover, U1.05Mn1.95Co 0.05O4.05 (C-7) of a lithium manganese cobalt multiple oxide was 
compounded by the following approach as positive active material. The particle size of 0.5-30 
micrometers (a primary particle and a secondary particle are included), the chemosynthesis 
manganese dioxide of BET surface area of 40-70m 2 / g (it CMD(s)) It is 1 or less % of the weight of 
Mn 203 as an impurity, respectively. Mn 304 And less than 0.1% of the weight of a sulfate, 
respectively — 0.05 or less % of the weight of Na, K, and calcium — containing — the lithium 
hydroxide which ground the mean diameter to 1-10 micrometers — And after mixing cobalt 
carbonate (99.9% of purity) by the stoichiometry quantitative ratio of the above-mentioned chemical 
formula and heat-treating mixture at 600 degrees C for 4 hours, temperature conditions were 
changed in 650 to 750 degrees C, and it calcinated in 18-hour air. As a result of annealing and 
grinding the last baking object to a room temperature, the average median size of a primary particle 
of the obtained particle was 0.5 micrometers by laser type particle-size-distribution measurement, 
and the particle size of an aggregated particle was 10 micrometers. BET adsorption method surface 
area was the range of 2m2 / g. As a result of identifying structure and a presentation by ICP and 
the X diffraction, the baking object was Li1.05Mn1.95Co 0.05O4.05 of spinel crystal mold structure, 
the diffraction full width at half maximum of 2theta=36 in the X diffraction using Cu-alpha rays was 
about 0.3, and the reinforcement was 27% of value to the peak of 2theta=18.6. Moreover, the lattice 
constant of the a-axis of a crystal was 8.22A. Moreover, in a baking object, it is LiMn02 of a minute 
amount. It also turned out that it is mixed. It was 8.0, as a result of distributing 5g of this baking 
object to 100 cc pure water and measuring pH. As a result of all dissolving a compost C-7 in a 
nitric-acid water solution and carrying out the quantum of the impurity content of metals other than 
Li, Co, and Mn by the ICP method, the content of calcium (calcium) about an alkaline earth element 
0.03 % of the weight, The content of magnesium (Mg) 0.02 or less % of the weight, strontium (Sr), It 
was confirmed that each content of barium (Ba) is 0.02 or less % of the weight, and it is 0.1% or less 
in the sum total content of an alkaline earth element, and a sulphuric content is 0.1% or less of level. 
The chemosynthesis manganese dioxide of the low purity of BET surface area of 30-50m 2 / g as a 
comparison (as CMD and an impurity with Mn 203 and less than 0.5% of the weight besides Mn3 04 
of a sulfate) respectively — 0.3 or less % of the weight of Na, K, and calcium — containing — the 
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lithium hydroxide which ground the mean diameter to 1-10 micrometers like the example of the 
above C-7 — And cobalt carbonate (99.9% of purity) was used for the raw material, and it mixed, it 
calcinated among air on the same conditions as the above, and Li1.05Mn1.95Co 0.05O3.95 (C-8) was 
obtained. As an analysis value was shown in the below-mentioned table, this comparison active 
material was level on which both the content of an alkaline earth element, or both [ sulphuric / 
sulphuric either or ] exceeds 0.1 % of the weight, or was level on which the moisture content of 
active material powder exceeds 0.5%. 

[0064] the 200g of various kinds of above-mentioned positive active material, and acetylene black 
1 0g a homogenizer — mixing — continuing — as a binder — Pori **-ized vinylidene 5g — mixing 

N-methyl-2-pyrroIidone 500ml — adding — kneading mixing — carrying out — a positive 
electrode a mixture — the paste was created, a positive electrode — a mixture — compression 
molding of the paste was carried out with the roller press machine after spreading and 
1 50-degree-C desiccation to both sides of an aluminium foil charge collector with a thickness of 30 
micrometers by the blade coating machine, it judged in predetermined magnitude, and the band-like 
positive-electrode sheet was created. Furthermore, dehydration desiccation was enough carried out 
at the far-infrared heater all over the dry box (dew-point; dry air -50 degrees C or less), and the 
positive-electrode sheet was created, the same — a negative electrode — a mixture — the paste 
was applied to the 20-micrometer copper foil charge collector, and the negative-electrode sheet 
was created by the same approach as the above-mentioned positive-electrode sheet creation, the 
charge capacity of coverage of a forward negative electrode of the 1st cycle from which the charge 
capacity of the 1 st cycle from which positive active material is set to 4.2V to a lithium metal, and 
the above-mentioned negative-electrode ingredient are set to 0.0V suits — as — each electrode — 
the coverage of a mixture was adjusted. 

[0065] Next, the electrolytic solution was created as follows. In the argon ambient atmosphere, 65.3g 
diethyl carbonate was put into the polypropylene container of 200 cc thin opening, and 22.2g 
ethylene carbonate was dissolved small quantity every, taking care that solution temperature does 
not exceed 30 degrees C to this. Next, 0.4g LiBF4 and 12.1g LiPF6 It dissolved in the 
above-mentioned polypropylene container small quantity every in order, respectively, taking care 
that solution temperature does not exceed 30 degrees C. The obtained electrolytic solution was a 
transparent and colorless liquid by specific gravity 1.135. The amount of [ 18 ppm (product made 
from the Kyoto electron it measures with trade name MKC-210 mold Carl Phi Shah water 
measurement equipment) and ] free acid of moisture was 24 ppm (the bromthymol blue is used as an 
indicator, a neutralization titration is carried out using a decinormal NaOH water solution, and it 
measures). 

[0066] The cylinder cell was created as follows. How to make a cell according to drawing 1 is 
explained. The laminating of the separator was carried out to the positive-electrode sheet created 
above, the separator made from a microporous polyethylene film, and the negative-electrode sheet 
pan at order, and this was wound around the curled form. It contained with the iron closed-end 
cylindrical cell can (1) which performed nickel plating which serves this wound electrode group (2) as 
a negative-electrode terminal, and the up electric insulating plate (3) was inserted further, what 
carried out the laminating of a positive-electrode terminal (6), an insulating ring, a PTC component 
(63), a current cutoff object (62), and the pressure induction valve element (61) after pouring in the 
above-mentioned electrolytic solution into this cell can — a gasket (5) — minding — the cylindrical 
cell was created in total. Positive active material and a negative-electrode ingredient were combined 
as shown in Table 1, and cells 1-44 were created. 

[0067] The above-mentioned cylindrical shape cell is charged by 1.5A. In this case, it charged by 
constant current to 4.1V, and charge controlled the charging current to keep it constant by 4.2V 
until 2.5 hours had passed since charge initiation. Discharge was carried out according to constant 
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current to 3.0V with the 0.2C current, the discharge capacity of the 1 st cycle at that time, average 
discharge voltage, and the amount of energy (discharge capacity x average discharge voltage) — the 
capacity maintenance factor of 30 cycle eye which repeated charge and discharge was shown in 
Table 1 again. 
[0068] 
(Table 1) 

Cell Forward Pole Negative electrode Cell Cell Number Active material Alkaline earth Sulfur 
Ingredient Discharge capacity Cycle life Element content Content Number After 30 cycles (% of the 
weight) (% of the weight) (Ah) capacity maintenance factor (%) 

1 C-1 0.01 0.015 Compound -2 2.30 78 2 C-2 0.05 0.09 Compound -2 2.30 77 3 C-5 0.01 0.015 
Compound -2 2.35 80 4 C-6 0.03 0.035 Compound -2 2.35 82 5(comparison) C-3 0.12 0.05 
Compound -2 2.30 75 6(comparison) C-4 0.12 0.11 Compound -2 2.27 72 7C-7 0.015 0.01 
Compound -2 2.05 82 8 C-80.08 0.08 Compound -2 2.05 80 9 C-1 0.010.015 Compound -9 2.32 79 
10 C-2 0.05 0.09 Compound -9 2.31 78 1 1 C-5 0.01 0.015 Compound -9 2.37 82 12 C-6 0.03 0.035 
Compound -9 2.37 83 1 3(comparison) C-30.12 0.05 Compound -9 2.31 76 1 4(comparison) C-4 0.12 
0.1 1 Compound -9 2.29 74 15 C-7 0.015 0.01 compound-9 2.15 84 16 C-8 0.08 0.08 Compound-9 
2.25 83 17 C-1 0.01 0.015 Compound -12 2.32 82 18 C-2 0.05 0.09 Compound -122.30 81 19 C-5 
0.01 0.015 Compound-! 2 2.35 85 20 C-6 0.03 0.035 Compound -12 2.35 86 21 (comparison) C-3 0.12 
0.05 Compound -122.31 79 22(comparison) C-4 0.12 0.11 Compound-12 2.29 78 23 C-7 0.015 0.01 
Compound -12 2.15 87 24 C-8 0.08 0.08 Compound -12 2.21 85 25 C-1 0.01 0.015 Compound -14 
2.35 85 26 C-2 0.05 0.09 Compound -14 2.34 83 27(comparison) C-3 0.12 0.05 Compound -14 2.33 
79 28(comparison) C-4 0.12 0.11 compounds -142.29 76 29 C-1 0.01 0.015 Compound -1 2.50 68 30 
C-1 0.01 0.015 Compound -3 2.40 76 31 C-1 0.01 0.015 Compound-4 2.30 81 32 C-1 0.01 0.015 
Compound -5 2.30 80 33 C-1 0.01 0.015 Compound -6 2.20 78 34 C-1 0.01 0.015 compounds -7 
2.30 78 35 C-1 0.01 0.015 A compound -8 2.30 80 36 C-1 0.01 0.015 compounds -10 2.30 80 37 C-7 
0.01 0.015 Compound -1 1 2.10 78 38 C-7 0.01 0.015 Compound -131.90 75 39 C-7 0.01 0.015 
Compound -15 2.00 80 40 C-7 0.01 0.015 Compound -16 2.00 80 41 C-7 0.01 0.015 Compound -17 
2.10 82 42 C-7 0.01 0.015 Compound -18 1.95 82 43 C-7 0.01 0.015 Compound -19 2.00 87 44 C-7 
0.01 0.015 Compound -20 2.00 86 [0069] except for using polycrystal silicon with a mean particle 
diameter of 10 micrometers as a negative-electrode ingredient for example 2 comparison — the 
above — the same — carrying out — a negative electrode — a mixture — the paste was created, 
the negative-electrode sheet (example -1 of a comparison) was produced, and it considered as the 
cell 45. moreover, polycrystal silicon with a particle size of 2 micrometers — using — a negative 
electrode — except having set the addition weight ratio of this silicon of a mixture, and a scale-like 
graphite to 80:20, the negative-electrode sheet (example -2 of a comparison) was produced like the 
above, and it considered as the cell 46. Furthermore, it is MESOFE as a negative-electrode 
ingredient. Using - ZUPITCHI corks, except having added acetylene black 2% of the weight as an 
electric conduction adjuvant, the negative-electrode sheet (example -3 of a comparison) was 
produced similarly, and it considered as the cell 47. The same trial as cells 1-44 was carried out 
using these cells. The result of the charge/discharge capability ability obtained about these 
comparison cells is shown in Table 2. 
[0070] 
(Table 2) 

Cell Forward Pole Negative electrode Number Active material Alkaline earth Sulfur Ingredient A cell 
A cycle life Element content Content Number Discharge capacity 30 cycle back (% of the weight) (% 
of the weight) (Ah) Capacity maintenance factor (%) 45 C-1 0.01 0.015 Example -1 of a comparison 
2.10 63 46 C-1 0.05 0.09 Example -2 of a comparison 1.95 52 47 C-1 0.01 0.015 Example-of 
comparison3 1.50 91 [0071] If the cell of an example -1 using the compound of this invention is 
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compared, it is clear that a cycle life falls in the example for which the amount of the alkaline earth 
element contained as an impurity in positive active material or sulfur exceeds the range of this 
invention, and performance degradation is accelerated. Moreover, when the cell engine performance 
of the cell of an example -1 and the example -1 of a comparison is compared, it turns out that the 
compound with a small average grain size of a negative-electrode ingredient is excellent in a cycle 
life. Furthermore, if an example -1 compares, the cycle life is improved from the silicon with which 
an alloy, the silicon which removed the lithium from the lithium silicide, the silicon to which colloidal 
silica was made to adhere, the silicon which covered the metal with plating, and the silicon covered 
with polyvinylidene fluoride process nothing. Furthermore, as compared with the negative-electrode 
ingredient of independent processing, the cycle life is improved by combining processing of this 
invention in a negative-electrode ingredient. Moreover, the cell using the negative-electrode 
ingredient of this invention has a high discharge capacity compared with what used the 
carbonaceous ingredient for the negative electrode from the example -3 of a comparison. The above 
result is LiNi02 to positive active material. A system oxide and LiMn 204 It replaces with a system 
oxide and is LiCoOZ And LiCo1.92Sn 0.08O2 The same effectiveness was acquired also when it 
used. 
[0072] 

[Effect of the Invention] According to this invention, discharge capacity and the amount of energy 
can be raised and the nonaqueous rechargeable battery whose cycle fife improved can be obtained. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The sectional view of the cylinder cell used for the example is shown 
[Description of Notations] 

1 Cell Can Which Serves as Negative Electrode 

2 Rolled Electrode Group 

3 Up Electric Insulating Plate 

4 Positive-Electrode Lead 

5 Gasket 

6 Cell Lid Which Serves as Positive-Electrode Terminal 

61 Pressure Induction Valve Element 

62 Current Cutoff Component (Switch) 

63 PTC Component 
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